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1.0 INTRODUCTION 
 
The GENII computer code was developed for the Environmental Protection Agency (EPA) 
at Pacific Northwest National Laboratory (PNNL) to incorporate the internal dosimetry 
models recommended by the International Commission on Radiological Protection (ICRP) 
and the radiological risk estimating procedures of Federal Guidance Report 13 into updated 
versions of existing environmental pathway analysis models. The resulting environmental 
dosimetry computer codes are compiled in the GENII Environmental Dosimetry System. 
The GENII system was developed to provide a state-of-the-art, technically peer-reviewed, 
documented set of programs for calculating radiation dose and risk from radionuclides 
released to the environment. Although the codes were initially developed at Hanford, they 
were designed with the flexibility to accommodate input parameters for a wide variety of 
generic sites.  A new version of the codes, GENII Version 2, is described in this report. 
 
Two versions of the GENII Version 2 code system are available, a full-featured version and 
a version specifically designed for demonstrating compliance with the dose limits specified in 
40 CFR 61.93(a), the National Emission Standards for Hazardous Air Pollutants 
(NESHAPS) for radionuclides.  The only differences lie in the limitation of the capabilities 
of the user to change specific parameters in the NESHAPS version. 
 
1.1  GENII Capabilities and Limitations 
 
The GENII system includes the capabilities for calculating radiation doses following chronic 
and acute releases. Radionuclide transport via air, water, or biological activity may be 
considered. Air transport options include both puff and plume models, each allow use of an 
effective stack height or calculation of plume rise from buoyant or momentum effects (or 
both). Building wake effects can be included in acute atmospheric release scenarios.  The 
code provides risk estimates for health effects to individuals or populations; these can be 
obtained using the code by applying appropriate risk factors to the effective dose equivalent 
or organ dose.  In addition, Version 2 uses cancer risk factors from Federal Guidance Report 
13 to estimate risk to specific organs or tissues. 
 
Data entry is accomplished via interactive, menu-driven user interfaces.  Default exposure 
and consumption parameters are provided for both the average (population) and maximum 
individual, however these may be modified by the user. Source term information may be 
entered as radionuclide release quantities for transport scenarios, or as basic radionuclide 
concentrations in environmental media (air, water, soil).  For input of basic or derived 
concentrations, decay of parent radionuclides and ingrowth of radioactive decay products 
prior to the start of the exposure scenario may be considered. A single code run can 
accommodate unlimited numbers of radionuclides including the source term and any 
radionuclides that accumulate from decay of the parent, because the system works 
sequentially on individual decay chains.  
 
The code package also provides interfaces, through the Framework for Risk Analysis in 
Multimedia Environmental Systems (FRAMES), for external calculations of atmospheric 
dispersion, geohydrology, biotic transport, and surface water transport. Target populations 
are identified by direction and distance (radial or square grids for Version 2) for individuals, 
populations, and for intruders into contained sources.  
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A stochastic edition of GENII Version 1, named GENII-S, was developed for the Waste 
Isolation Pilot Plant assessments by Sandia National Laboratory (Leigh et al. 1992).  GENII 
Version 2 is completely stochastic, using the FRAMES SUM3 driver.  
 
1.2  GENII Pathways and Scenarios 
 
Available release scenarios include chronic and acute releases to water or to air (ground level 
or elevated sources), and initial contamination of soil or surfaces. GENII implements the 
NRC models in LADTAP for surface water doses. GENII does not explicitly include 
modules for performing groundwater transport calculations, however the FRAMES system 
allows addition of other computer modules to the GENII system. Exposure pathways 
include direct exposure via water (swimming, boating, and fishing), soil (surface and buried 
sources), air (semi-infinite cloud and finite cloud geometries), inhalation and ingestion 
pathways. The tritium model also includes exposure via skin absorption.   
 
GENII Version 1 implemented dosimetry models recommended by the ICRP in 
Publications 26, 30, and 48, and approved for use by DOE Order 5400.5.  GENII Version 2 
implements these models plus those of ICRP Publications 56 through 72, and the related 
risk factors published in Federal Guidance Report 13.  Risk factors in the form of EPA 
developed “slope factors” are also included.  These dosimetry and risk models are 
considered to be 'state of the art' by the international radiation protection community and 
have been adopted by most national and international organizations as their standard 
dosimetry methodology.  
 
1.3  Hardware Requirements 
 
GENII Version 2 requires Windows®  95, 98, NT, or 2000, using Pentium processors, and 
disk storage in excess of 60 Mbytes.  FRAMES and GENII make use of the memory-
swapping capabilities of Windows®, so the programs should run on any Windows®-
compatible computer.  However, they will generally run fastest on machines with 256Mbytes 
of memory or more. 
 
1.4  Component Programs 
 
GENII Version 2 consists of four independent atmospheric models, one surface water 
model, three independent environmental accumulation models, one exposure module, and 
one dose/risk module, each with a specific user interface code.  The computer programs are 
of several types: user interfaces (i.e., interactive, menu- driven programs to assist the user 
with scenario generation and data input), internal and external dose factor libraries, the 
environmental dosimetry programs, and FRAMES-supplied file-viewing routines.  For 
maximum flexibility, the code has been divided into several interrelated, but separate, 
exposure and dose calculations.  
 
1.5  Quality Assurance (QA) Issues 
 
Both GENII versions were developed under QA plans based on the American National 
Standards Institute (ANSI) standard NQA-1 as implemented in the PNNL Quality 
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Assurance Manual. All steps of the code development have been documented and tested, 
and hand calculations have verified the code's implementation of major transport and 
exposure pathways for a subset of the radionuclide library.   A collection of hand 
calculations and other verification activities is available.  A comprehensive test plan has been 
developed and testing is underway. 
 
GENII Version 1 has been included in the International Atomic Energy Agency’s VAMP 
project (VAlidation of Model Predictions - an acronym for the Coordinated Research 
Program on Validation of Models for the Transfer of Radionuclides in Terrestrial, Urban 
and Aquatic Environments), an international effort to compare environmental radionuclide 
transport models with measured environmental data. Results for test scenario CB (based on 
environmental measurements following the Chernobyl accident) indicated that dose 
estimates from GENII were comparable to, although slightly higher than, those of other 
participating models, which is consistent with its primary function as a prospective analysis 
tool. The models included in the code have been validated to various degrees by additional 
studies, however these have not been compared directly to output from the code.  
 
1.6  Documentation and Availability 
 
The overall system design is documented in the GENII Version 2 Software Design 
Document (Napier et al. 2002).  Specific instruction on the use of FRAMES and the SUM3 
processor is available in electronic and print forms.  This report explains user interactions 
with the GENII modules.  A series of example cases are available electronically; these are 
described in this report. 
 
Electronic documentation of GENII Version 2 is availalbe, and the code, documentation, 
and users’ manuals will be made available through the Internet by the US Environmental 
Protection Agency in the near future. 
 
1.7 References for Section 1 
 
Napier, B. A., R. A. Peloquin, D. L. Strenge, and J. V. Ramsdell. 1988. GENII - The 
Hanford Environmental Radiation Dosimetry Software System. PNL-6584, Vols. 1-3. Pacific 
Northwest Laboratory, Richland, Washington.  
 
Leigh, C. D., B. M. Thompson, J. E. Campbell, D. E. Longsine, R. A. Kennedy, and  
B. A. Napier. 1992. User's Guide for GENII-S: A Code for Statistical and Deterministic 
Simulations of Radiation Doses to Humans from Radionuclides in the Environment, 
SAND91-0561A, Sandia National Laboratories, Albuquerque, New Mexico 
 
Napier, B. A., D. L. Strenge, J. V. Ramsdell, Jr., P.W. Eslinger, and C. F. Fosmire. 2002.  
GENII Version 2 Software Design Document, Pacific Northwest National Laboratory, Richland 
Washington. 
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2.0 INSTALLATION 
 
The GENII Version 2 environmental radiation dosimetry software package runs within the 
FRAMES Framework for Risk Analysis in Multimedia Environmental Systems.  Therefore, 
both packages are required in order to run GENII Version 2.  FRAMES and GENII are 
provided together in a single installation package via either CD or the Internet website.  The 
file FRAMES.MSI is a Microsoft Self-Installing program that will perform all the necessary 
checking and program installation.   
 
You may use the CD provided, or download the information from the Internet site.  If using 
the Internet download, copy the files from the web site to the target computer in a 
temporary directory. 
 
If you have an older version of FRAMES and GENII on the target computer, please 
remove them.  By removing the older versions, you are assured that only the newer files are 
in place.  This can be accomplished by using START/Settings/Control Panel/Add Remove 
Programs.  First highlight the existing FRAMES installation, and hit the Add/Remove 
button.  Repeat this step for the existing GENII installation, if it wasinstalled separately 
from FRAMES.   
 
If you have not had a previous installation of FRAMES, it may be necessary to install some 
required Microsoft Data Access Components.  The program MDAC_typ.exe will do this.  It 
may not be necessary to run this installation if the programs are already installed on the 
target computer; it will not hurt to rerun it if you are uncertain.  If newer versions of the 
utilities are available on the target computer, the installation routine will so inform you; keep 
the newer ones.  To run this installation program, use START/RUN/tempdir\MDAC_TYP 
where “tempdir” is either the name of the directory in which you have placed the 
downloaded files, or the name of the CD location. 
 
Next install FRAMES and GENII.  FRAMES and GENII are provided in a completely self-
extracting, self-installing routine named FRAMES.msi.  To run this installation, use 
START/Run/tempdir\FRAMES.msi  Note that it may be necessary to change the “Type of 
Files” to ALL in order to see this program, because the file extension is .msi not .exe, and 
the Windows® Run command has not been updated to see it as an executable routine.  
IMPORTANT:  as you are going through the installation process, the program will ask you 
for the name of a directory in which to install FRAMES, and it will suggest c:\Program 
Files\Frames.  DO NOT USE THIS DEFAULT.  Change the directory to C:\FRAMES 
before continuing, or else the internal file handling of FRAMES will be compromised and it 
will not run properly.  This step will install FRAMES and GENII in the C:\FRAMES 
directory, as well as installing several sample problems and template files for use in 
developing new cases.  Two icons will be installed on the computer desktop: a FRAMES 1.3 
icon and a FRAMES Contaminant Database icon.   
 
Finally, copy  the GENII SDD files into a separate directory.  These files comprise the 
GENII Version 2 Software Design Document.  This is the complete technical 
documentation of the software algorithms.  NOTE: These are Microsoft WORD 2000 files, 
formatted for an HP® LaserJet 5 printer.  They may require minor repagination to print 
properly on other systems; this should only require that you page through the files prior to 
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printing them to make sure that the page breaks are in logical places and tables are not cut in 
half, etc. 
 
FRAMES is invoked by double-clicking on the FRAMES 1.3 icon on the desktop.  A simple 
way to test whether it is likely that the installation has been successful is to double-click the 
icon.  A window similar to that shown in Figure 2.1 should appear. Click on the Customize 
command.  A menu of several items should appear; the last item should be the word Logo 
followed by a small arrow indicating the availability of another submenu.  Place the cursor 
over the word Logo, and a menu with the options Show and Select should appear.  Click on 
Select, and a list of available logos should be presented.  Click on the file geniilogo.jpg, and 
then hit the open button.  The GENII V.2 logo should appear in the upper left portion of 
the FRAMES screen.  This indicates that it is probable that the FRAMES and GENII 
components have all been loaded.  The size of the FRAMES screen may be adjusted using 
the maximize/minimize buttons on the upper right, or by clicking and dragging on the 
diagonal hash marks on the lower right. 
 
If it is desired at a later time to uninstall GENII and FRAMES, this may be done from the 
Windows Control Panel Add/Remove Programs command.  This can be accomplished by 
using START/Settings/Control Panel/Add Remove Programs.  Highlight the existing 
combined FRAMES and GENII installation, and hit the Add/Remove button.  This will 
uninstall all of the program files originally installed; any input, intermediate, or output files 
generated in the interim will not be removed.  It may be necessary to manually delete any 
remaining files and the FRAMES directory. 
 
 

 
 

Figure 2.1.  Initial FRAMES display, without the GENII logo showing. 
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3.0 USING FRAMES 
 
The software platform from which different codes can be linked to communicate with each 
other is called the Framework for Risk Analysis in Multimedia Environmental Systems 
(FRAMES).  FRAMES is an open-architecture, object-oriented system that provides an 
environmental database. This software platform aids the user in constructing a Conceptual 
Site Model that is real-world based. Further, the software allows the user to choose the most 
appropriate codes to solve simulation requirements and provides graphical packages for 
analyzing intermediate and final results.  This section provides general information about 
using FRAMES. 
 
3.1 Conceptual Site Models 
 
The Conceptual Site Model is built by the user based on the conditions of the problem that 
is to be solved. The site is simulated on the screen by choosing icons to represent the various 
major environmental media or activities to be modeled, and connecting lines that represent 
the real or potential flow of contamination.  
 
Figure 3.1 illustrates the conceptual model for a specific modeling exercise as represented on 
the FRAMES main screen.  For the hypothetical case represented in Figure 3.1, three major 
routes of contaminant transport are acting at a single location.  Contamination is being 
released from a source into the atmosphere, and groundwater and surface water also are 
contributing contaminants to the environment at the location of interest.  Contaminants are 
entering the food chain, individuals are being exposed, and, in this case, the effects of the 
contaminants on their health is being evaluated.  Each icon on the Conceptual Site screen 
represents a real entity. For example, the River icon represents a local source of surface  
 
 
 

 
 

 
Figure 3.1.  A GENII Conceptual Site Model represented in the FRAMES window 
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water, and the Aquifer icon represents the groundwater at this location. The dark lines 
connecting the icons on the screen visually show the paths that the contaminants follow. 
The lighter lines indicate that each icon is connected with, and has access to, information in 
the contaminant database.  After the site model has been built and the case has been run, the 
user can view the results by running intermediate data viewers for each icon. 
 
3.2 Basic FRAMES Controls 
 
There are five standard menu items on the FRAMES menu bar.  These are File, Site, 
Customize, GO, and Help. 
 
The File menu consists of five groupings, in standard Windows® format.  The first 
grouping includes New, Open, and Close.  These are the first options invoked in creating a 
new input Conceptual Site Model, in editing an existing Conceptual Model, or in finishing 
work  with one.  Upon first starting FRAMES, no new activities can be started without first 
selecting either New or Open; either of these options activates the FRAMES workspace.  
For a new case, the system will prompt for a file name before the user is allowed to enter 
data into the first module user interface. The Save and Save As options save the current 
contents of the workspace in global input data (GID) files of the user’s choice.  The Print 
command sends information about the case displayed in the workspace to the printer.  There 
are numerous available sub-options for printing: the Conceptual Site Model picture may be 
printed along with a user-prepared summary description, and for each icon in the model, 
summary information about the model selected, the input data entered, and any user-
supplied references may be optionally selected.  The user has the option of adding references 
to model and data selection choices throughout FRAMES and GENII; the most generally 
accessible place to start these descriptive additions is with the References and Project 
Description menu selections.  Each of these menu selections opens a window in which 
textual information may be entered for later retrieval; the information entered is saved in 
ASCII files associated with the project’s GID file.  Such entries are a useful method of 
documenting decisions and data sources used in establishing the basis for an analysis.  
FRAMES retains links to the four most-recently accessed GID files; clicking the mouse on 
one of these is equivalent to using the Open command.  Finally, the Exit command shuts 
down all FRAMES operations, after first providing the option to save any changes or 
additions made during the work session. 
 
FRAMES offers several ways to organize the Conceptual Site Model.  If the user so desires, 
several Sites may be related and saved in the same Global Input Data file.  This option is 
available using the Site menu.  The Site currently active is shown in the FRAMES 
workspace; the name of this site is displayed in the second box on the bottom of the 
FRAMES window, as illustrated in Figure 3.1.  In Figure 3.1, the default Site name of 
Scenario 1 is used.  Clicking on the Site menu allows access to options to create a New Site, 
Rename the active Site, and switch between Sites.  Use of multiple Sites within a single GID 
file may be an advantage to users with complex problems in simplifying data organization, 
reporting, or records holding. 
 
The Customize menu provides the FRAMES user with the ability to control the overall 
look of the FRAMES window.  Every icon in a Conceptual Site Model has an internal 
identifier used by FRAMES to control data flow to and from the component models.  The 
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Show Object ID option allows the user to see the actual identifier assigned by FRAMES.  
This identifier is the default identifier used in the General Info command described below, 
and is stored in the project GID file.  If the user will be reviewing the GID file for any 
reason, this is useful information; however, the display by be suppressed to simplify complex 
Conceptual Site Model displays.  The Show Icons option may be used to simplify the 
display in the left-hand FRAMES window.  Use of this option will remove the display icons 
from the selection window, leaving only the model type names displayed.  The Font option 
allows the user to use any of the fonts available in Windows in the FRAMES display.  (This 
option has been used throughout this Users Guide to make the reduced-size screen captures 
legible.)  The Colors option gives the user the ability to change the display colors of the 
FRAMES background and various types of connecting lines.  This capability may be used to 
make viewing easier under various conditions, to highlight specific features of a Conceptual 
Site Model, or to simplify complex diagrams in the FRAMES window.  The Logo option, as 
illustrated in Section 2, allows the user to display a model logo in the box at the upper left of 
the FRAMES window.  Generally, a FRAMES or GENII logo, or several stylized graphic 
depictions of contaminant transport in the environment, are available. 
 
The GO command is a convenient way of running a computation after a Conceptual Site 
Model has been constructed.  This single function starts FRAMES in completing all 
necessary steps in an analysis. All models are run in sequence; if data inputs are necessary, 
the data input is prompted before the models are run.  This option will not run viewers or 
sensitivity/uncertainty modules.  More is described about this below. 
 
The HELP command will bring up a hypertext file summarizing the information in this 
Section of the Users Guide. 
 
3.3 Navigating the FRAMES Window 
 
In order to build a Conceptual Site Model in the FRAMES workspace, the user must select 
the appropriate model icons, connect them in the desired order, and assign models and data 
to them. 
 
Icons are selected from those available in the left-had window.  To select an icon, place the 
mouse cursor over the icon or icon label in the left window and double click the LEFT 
mouse button.  This will add an icon of the selected type to the FRAMES workspace.  
Repeat until the desired icons are all selected.  The only icon type required for all analyses is 
the Contaminant Database icon; only one of these is allowed per Conceptual Site Model. 
 
Icons may be moved about the screen and arranged in any order.  It is usually desirable to 
place the icons in an order that is logical from the physical description of the system and 
flow of data from beginning to end of the calculation, and that results in clear lines of 
communication.  The icons are moved by placing the mouse cursor over them, clicking and 
holding the RIGHT mouse button, and dragging the icon to the desired location. 
 
The icons must be connected in the way that data and intermediate results will proceed.  To 
connect icons, the user must hold down the SHIFT key then LEFT-CLICK and drag the 
arrow from one Icon to the next.  Note, in FRAMES 1.3, all model icons must be connected 
to the Contaminant Database icon; the connecting lines for database connections will 
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generally appear in a different color than the contaminant flow lines.  To remove connector 
lines, repeat the SHIFT, LEFT-CLICK, and drag used to connect the icons, tracing the same 
path.  Lines may be added and removed as often as necessary during the Conceptual Model 
construction. 
 
To delete an icon from the workspace, place the mouse cursor over the icon, click the left 
mouse button, and select the Delete option from the menu that appears.  Removing an icon 
will simultaneously remove any connecting lines attached to it. 
 
All icons have an associated status indicator attached in the form of a “traffic light.”  The 
status indicator appears as a solid black bar on the left side of the icon.  The indicator will 
change appearance as actions are taken during the case construction.  When the icon is first 
placed in the workspace, and after it is first connected to other icons, it will appear all black.  
When a model has been selected and associated with the icon, it will display a red dot.  When 
data entry for the model has been completed, the indicator will display a yellow dot.  When 
the model has been successfully run, the indicator will display a green dot.  The various 
appearances of the status indicator are illustrated in Figure 3.2.   
 
 

 
 

Figure 3.2.  Appearance of the FRAMES icon status indicators. 
 
When the overall design of the Conceptual Site Model is completed, individual 
computational models may be associated with the icons.  To select a specific model from a 
module type icon, first ensure that all module connections are complete, then RIGHT-
CLICK on the icon and choose General Info.  The model selection screen will appear as 
shown in Figure 3.3.  This screen will display the models that are available for assignment to 
 

 
 

Figure 3.3.  FRAMES Model Selection screen. 
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this icon.  The type of icon and the way that the connecting lines have been drawn will 
determine the models available.  Two windows are shown on the left of the model selection 
screen, applicable and non-applicable models.  The total number of models shown in both 
windows will be all those of this icon type available on the computer; the ones applicable to 
the situation as diagrammed will be listed as available.  If the model desired is listed as non-
available, it is usually because the connection lines have been drawn in such a way as to 
preclude its use, so the Conceptual Site Model may need to be reviewed or revised. 
 
To select a particular model from the available list, highlight it with a LEFT click of the 
mouse cursor.  This will place a summary description of the model in the large window on 
the right side of the screen.  Note that default Object ID is listed on this screen and also 
used as the default for the User Label.  This is the best time to name the icon in the User 
Label box if an identifier other than the default Object ID is desired to be shown on the 
FRAMES workspace.  Other fields on this screen are associated with specific model inputs, 
and are described in their specific sections.  
 
When the model has been selected, LEFT click on the OK button and the active window 
will return to the FRAMES workspace.  If the model was selected correctly, the status light 
will be red. 
 
The model selection activity should be repeated for all icons.  This may be done manually 
for each, as described above, or the process may be speeded up using the GO menu. 
 
Model selection must start with the first models in the connected string.  Models available 
for the second, third, and subsequent icons in the chain may depend on those that have been 
selected earlier.  Note that once a particular model has been selected, FRAMES then 
assumes that those further down the computational chain are dependent upon it.  If, at a 
later time, changes are made to the General Info window, FRAMES will assume that 
subsequent modules also require review to ensure that the entire chain of calculations has 
not been altered.  Thus, the sequence of status indicators will change from their prior state 
to solid black until the model selection and data entry have been reviewed. 
 
Additional commands available with a RIGHT click of the cursor over an icon include User 
Input and Run Model.  The User Input selection becomes available after a model has been 
selected. Selecting User Input will start the user interface for the specific model assigned to 
the icon.  When all data have been entered, the Run Model selection will become available.  
This selection actually causes the model to run with the data input, creating whatever 
intermediate data it provides.  Upon running the model, the Print/View User Input and 
Print/View User Output options are activated.  These selections start FRAMES data viewers 
that allow review of the input and output information for each module.  These viewers are 
specific to the type of data being examined and are described in more detail in the specific 
sections for which they are applicable. 
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4.0 USING GENII 
 
The GENII system includes the capabilities for calculating radiation doses following chronic 
and acute releases. Radionuclide transport via air, water, or biological activity may be 
considered. Air transport options include both puff and plume models, each allow use of an 
effective stack height or calculation of plume rise from buoyant or momentum effects (or 
both). Building wake effects can be included in acute atmospheric release scenarios.  The 
code provides radiation dose and/or risk estimates for health effects to individuals or 
populations; radiation dose may be reported as either effective dose equivalent or organ 
dose, and health risk may be reported as cancer incidence or fatalities.  GENII Version 2 
uses cancer risk factors from Federal Guidance Report 13 to estimate risk to specific organs 
or tissues. 
 
Data entry is accomplished via interactive, window-driven user interfaces.  Default exposure 
and consumption parameters are provided for both the average (population) and maximum 
individual, however, these may be modified by the user. Source term information may be 
entered as radionuclide release quantities for transport scenarios, or as initial radionuclide 
concentrations in environmental media (air, water, soil).  For input of released or initial 
concentrations, decay of parent radionuclides and ingrowth of radioactive decay products 
may be considered prior to the start of and during the exposure scenario. A single code run 
can accommodate unlimited numbers of radionuclides including the source term and any 
radionuclides that accumulate from decay of the parent, because the system works 
sequentially on individual decay chains.  
 
The code package also provides interfaces, through FRAMES, for external calculations of 
atmospheric dispersion, geohydrology, biotic transport, and surface water transport. Target 
populations are identified by direction and distance (radial or cartesian grids for Version 2) 
for individuals, populations, and for intruders into contained sources.  
  
GENII is intended to be used as a general-purpose package for estimating the consequences 
of radionuclides released into the environment.  Available release scenarios include chronic 
and acute releases to water or to air (ground level or elevated sources), and initial 
contamination of soil or surfaces. GENII implements models developed for the U.S. 
Nuclear Regulatory Commission for surface water transport. GENII does not explicitly 
include modules for performing groundwater transport calculations, however the FRAMES 
system, in which GENII functions, allows addition of other computer modules to the 
GENII system. Exposure pathways include direct exposure via water (swimming, boating, 
and fishing), soil (surface and buried sources), air (semi-infinite cloud and finite cloud 
geometries), inhalation, and ingestion pathways. Special models are included for tritium and 
carbon-14; the tritium model includes exposure via skin absorption.  An additional capability 
for releases of radon isotopes is included. 
 
GENII Version 1 implemented dosimetry models recommended by the ICRP in 
Publications 26, 30, and 48, and approved for use by DOE Order 5400.5.  GENII Version 2 
implements these models plus those of ICRP Publications 56 through 72, and the related 
risk factors published in Federal Guidance Report 13.  Risk factors in the form of EPA 
developed “slope factors” are also included.  At the discretion of the user, different dose and 
risk approaches may be compared and contrasted.  These dosimetry and risk models are 
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considered to be 'state of the art' by the international radiation protection community and 
have been adopted by most national and international organizations as their standard 
dosimetry methodology.  
 
The GENII Version 2 system consists of four independent atmospheric models, one surface 
water model, three independent environmental accumulation models, one exposure module, 
and one dose/risk module, each with a specific user interface code. The computer programs 
are of several types: user interfaces (i.e., interactive, window- driven programs to assist the 
user with scenario generation and data input), internal and external dose factor libraries, the 
environmental dosimetry programs, and FRAMES-supplied file-viewing routines.  For 
maximum flexibility, the code has been divided into several interrelated, but separate, 
exposure and dose calculations.  The components of the system communicate with each 
other through a series of intermediate data files.  Each of the intermediate files is accessible 
to the user through the FRAMES data-visualization utilities.  Each module is also connected 
to the sensitivity/uncertainty driver SUM3, which allows assignment of distributions to all 
input parameters and which will run the entire system in a Monte Carlo fashion.  
 
The source input module is provided by FRAMES.  The four atmospheric dispersion 
models are available for use depending on the nature of the problem to be solved and the 
quality of available data.  The acute and chronic gaussian-plume models can be run on either 
hourly or compiled joint-frequency data on wind speed, direction, and stability.  The acute 
and chronic lagrangian-puff models require more-detailed hourly inputs, but provide more 
detailed transport modeling options. Dry and wet deposition, for gases and various types of 
particles, is estimated in each case. Utility programs are included to translate several types of 
available meteorological data into GENII input files.  The single surface–water transport 
model incorporates simple and complex submodels for rivers, lakes, and coastal regions, and 
may be used for simulating either accidents or routine releases.  As noted, GENII does not 
include a groundwater transport module, but others that function within FRAMES may be 
used if desired.  The three terrestrial transport models are tailored for chronic accumulation, 
accidental releases, and defined initial contaminant distributions in surface or deep soils. The 
human intake module allows customization of the exposure of individuals to the 
environmental contamination, up to 15 categories of pathways (with as many as 4 pathways 
per category) for up to 6 age groups are available.  The dose and risk module includes the 
older ICRP models (for comparison with DOE and NRC regulations), the newer ICRP 
models, and risk estimation using EPA slope factors, dose-to-risk conversion factors, or the 
latest Federal Guidance Report 13 methods.  The various impacts modules are provided by 
FRAMES to manipulate, summarize, and organize output as desired. 
 
General instructions for entering data into each of the GENII modules is provided here. 
 

4.1 Using the FRAMES Known Source Module 
 

FRAMES provides a utility program for inputting data on the quantities of radionuclides 
emitted to the environment, along with several other related parameters that may or may not 
be required for GENII operations.  An example of the type of input required is shown in 
Figure 4.1.  The File menu item allows input data to be saved, or existing data to be 
reviewed and retained unchanged. The Options menu item has only one function – to allow 
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Figure 4.1.  Example FRAMES Known Source Module input screen for surface water 
 
input of decay progeny information if desired.  This option may be used if the analyst wishes 
to set the emitted quantities of progeny to a non-zero value; the default is zero.  Use of this 
option is illustrated in Figure 4.2 for a simple 2-member decay chain, 90Sr.   
 
 

 
 

Figure 4.2.  FRAMES Known Source screen for an atmospheric release, illustrating use of 
the Show Progeny Option. 
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The illustration in Figure 4.2 is for input of releases to the atmosphere.  Input for an Area 
Source is illustrated; only the area of the source is required to describe the site conditions. If 
a point source (i.e., a stack release) were selected, the various descriptors of the source would 
also be required. 
 
Note that inputs proceed for one radionuclide decay chain at a time.  All progeny for the 
parent radionuclide, if the Show Progeny option is selected, must be entered.  FRAMES 
allows time-dependent releases to be entered – GENII V.2 uses annual average release rates.  
Thus, GENII will integrate the total release entered in the Known Source module, divide by 
the total time, and use that as the annual average release rate.  A quirk of this system is that 
FRAMES requires that a minimum of two time points be entered.  An easy way to put in a 
known release over one year is to put it in as a square wave, as shown in Figure 4.1.   
 
For releases to the atmosphere, there is a second required input screen in the FRAMES 
Known Source module, accessed using the Flux Types button. This screen is illustratged in 
Figure 4.3.  This screen must be accessed before the Known Source module will allow input 
of the releases.  It defines the number and type of particle sizes that the GENII atmospheric 
transport model will simulate.  GENII will model particles, non-reactive gases (i.e., noble 
gases), and reactive gases such as iodine.  If gases are to be simulated, the GAS 1 box must 
be checked.  The fraction of the gases that are reactive must also be entered.  Up to three 
particle sizes can be modeled; information is supplied here for each particle size.  When this 
information is entered, click on the Done button to return to the main input screen. 
 
If soil contamination is to be modeled, a screen such as that illustrated in Figure 4.4 will be 
displayed.  The only quirk to this screen is that GENII will only use the first time value 
entered, but FRAMES requires that 2 time points be entered.  The site dimensions are not 
used by GENII; dummy values may be entered here. 
 
 

 
 

Figure 4.3.  FRAMES Known Source Flux Types options. 
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Figure 4.4.  FRAMES Known Source Soil Concentration input screen. 
 

 
4.2 Using the GENII Surface Water Module 

 
The GENII surface water component allows the user to define the type of water body being 
modeled and necessary parameters for the selected type.   The main screen of the GENII 
Surface Water Module User Interface is shown in Figure 4.5. 
 

 
 

Figure 4.5  GENII Surface Water Transport Module initial screen 
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The File menu item allows either saving data input or exiting without saving.  The Help 
menu item brings up a series of reminders of the nature and magnitude of the various input 
parameters on these screens.  
 
Nearly all non-control parameters have the ability to associate a reference.  These references 
are intended to help document the selection of parameters and allow traceability of 
assumptions.  To associate a reference with a data entry, place the focus (click the cursor in 
the box) on the parameter of interest, click on the Reference menu item, and select either 
Add or Select.  A window like that shown in Figure 4.6 will appear.  If the Add option was 
selected, a blank entry will appear allowing text entry of a new reference.  The entries are free 
formatted, so any short and long descriptor may be added.  If the Select option is chosen, 
the available entries may be scrolled using the arrow buttons, or a specific entry searched for 
using the appropriate boxes. 
 
Notice that all parameters requiring a numeric value have units and ranges.  The code will 
internally convert from one set of units to another if the units tabs are selected.  The 
allowable ranges for numerical values scroll across the bottom of the screen – values outside 
of these ranges will not be accepted.  Unacceptable or incomplete entries are displayed with 
a red background; acceptable completed entries are displayed with a light green background. 
 
Select the surface water type representative of the transport being evaluated.  The current 
surface water types are: acute river, chronic river, chronic flow dilution (river), and near-
shore lake.  Click on the down arrow to see and select from the list of types.  
 
The screen for near-shore lake environments is shown in Figure 4.7.  The other model 
selections have similar screens. 
 

 
 

Figure 4.6.  The Reference Editor window. 
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Enter the duration of the release to the surface water body and select the correct units.  Note 
that the calculated water concentration is assumed to be released uniformly over this period, 
with zero concentration after the end of the release.  
 
Select the exposure location associated with the surface water transport analysis.  The 
locations shown are those currently defined and connected to this surface water transport 
glyph.  If more that one exposure location is available (click on the down arrow to see the 
list of available locations), then information for all locations should be defined before saving 
and exiting the user interface.  
 
Enter the time required for transport of water from the source to the exposure location and 
select the correct units.  Note that decay and progeny radionuclide ingrowth is calculated for 
this period of time and included in the calculated water concentrations at the exposure 
location.  
 
Enter the depth of the source discharge point to the near-shore lake environment and select 
the correct units.  This parameter is used only for the near-shore lake model.  
 
Enter the total volumetric discharge rate of the river at the exposure location and select the 
correct units.  This is the dilution volume per time use to estimate the water concentration.  
This parameter is used only for the acute river model and the chronic flow dilution model.  
 
 

 
 

Figure 4.7.  GENII Near-shore lake environment input screen 
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Enter the average flow velocity for the river or near-shore lake current and select the correct 
units.  The models assume that the flow velocity is constant between the source and 
exposure location.  
 
Enter the distance of flow between the source and the exposure location and the correct 
units.  This parameter is used for the chronic river and the near-shore lake models.  
 
Enter the perpendicular distance from the shoreline to the water intake port at the exposure 
location, and select the correct units.  This parameter (offshore distance) is use for the 
chronic river and the near-shore lake models.  The value entered for the offshore distance 
for the river model must be less than or equal to the value entered for the river width. 
 
Enter the average depth of the river or near-shore lake flow path between the source and the 
exposure location, and select the correct units.  
 
Enter the average width of the river between the source and the exposure location, and 
select the correct units.  
   
When all data have been entered, click on the “File” header, and choose “Save and Exit”.  If 
the data are correct and no changes are required, the “Exit” command may be used instead – 
no updates to the input files will be made.  If either of these techniques is not used to exit 
from the user interface, an error message will be generated and data will need to be re-
entered. 
 

4.3 Using the GENII Atmospheric Transport Models 
 
Four atmospheric transport models are provided in the GENII package.  These are chronic 
and acute plume (Straight-line Gaussian) models and chronic and acute Lagrangian puff 
models.  Each is useful depending on the nature of the problem at hand and the data 
available.  The puff models require hourly meteorological input; the plume models will run 
with joint frequency of occurrence data as well as hourly inputs.  Utility programs are 
provided to transform available data formats into the form required by GENII V.2 models. 
 
The FRAMES Known Source Module is used to supply information to the GENII air 
transport models.  The General Info model selection window (accessed by LEFT clicking 
on the source and air transport icons) has two parameters that interact between the Known 
Sources and the air transport models.  These are the Easting Coordinate and the Northing 
Coordinate for each source and for each air transport model (see Figure 3.3).  These 
coordinates are used to describe the location of the sources relative to the center of the 
atmospheric dispersion grid.  Figure 4.8 illustrates the effect of these parameters.  For the 
case analyzed for Figure 4.8, two identical sources are postulated, one is at position –20 km 
Easting, 0 km Northing, and one is at +20 km Easting, 0 km Northing.  The center of the 
atmospheric grid is set at 0 km Easting, 0 km Northing.  Thus, the two sources are 
equidistant from the center of the grid to the east and west.  The resulting graph of 
contaminant deposition (created with the FRAMES Gnuplot utility) clearly indicates two 
peaks of concentration surrounding the two sources, spaced to either side of the center of 
the grid.  This illustrates the joint use of the Easting Coordinate and Northing Coordinate in 
establishing release points. 
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Figure 4.8.  Result calculated with 2 sources 20 km east and west of atmospheric grid center 

 
 

4.3.1 GENII Chronic Plume Model 
 
The primary input screen for the chronic plume model is illustrated in Figure 4.9.  The 
Chronic Plume model is useful for situations of moderate complexity, particularly when only 
averaged meteorological data are available. 
 
The chronic plume model uses a radial grid.  The number of radii is variable depending on 
the nature of the available data.  If only compass point joint-frequency data are available, a 
16-point compass can be used.  If the data are available in 10s of degrees, a 36-point 
compass may be used.  The downwind distances for calculations are user selectable.  The 
defaults for the distances reflect 0.5, 1.5, 2.5, 3.5, 4.5, 75, 15, 25, 35, and 45 miles in meters. 
 
Figure 4.10 illustrates the Model Parameters tab.  These allow selection of the type of 
model desired for determining the magnitude of the Gaussian stability parameters.  If the 
Calm Wind Distribution check box is invoked, additional information is required. 
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Figure 4.9. GENII Chronic Plume Model initial input screen 
 

 
 

 
 

Figure 4.10. GENII Chronic Plume Model Parameters tab 
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The information provided on the Default Parameters tab is used inside the model.  They are 
available here for code development and special implementation purposes.  These 
parameters are discussed in the GENII Software Design Document; they are not typically 
changed by the user. 
 
Figure 4.11 illustrates the Meteorological Files tab.  This tab allows the user to direct the 
code to the appropriate meteorological data file for input.  LEFT click on the Browse for 
Meteorological File button and a window to the file directory will be opened.  If a file is 
available in the appropriate GENII format, simply select it here. 
 
If a meteorological file in GENII V.2 format is not directly available for the chronic plume  
model, one may be created from other sources of data.  If joint frequency data are available, 
the Use Joint Frequency Data file button may be chosen to activate the model to process 
the information into the appropriate format.  If hourly data are available, the Use SAMSON 
or CD144 formatted file button is used.  The necessary data types, file formats, and other 
processing information are described in Section 4.3.5 and the Appendix. 
 
The submersion dose cloud shine library is generally fixed and not altered by the user. 
 
 

 
 

Figure 4.11.  GENII Chronic Plume Meteorological Files tab 
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Figure 4.12. GENII Chronic Plume Source Information tab 
 

 
The Source Information tab is illustrated in Figure 4.12.  This tab allows selection of 
calculation of plume rise by the code.  In addition, certain enhanced dispersion options, 
described in the GENII Version 2 Software Design Document, may be selected on this 
screen.  These options require additional input describing the projected area of the buildings 
around the release point for building wake calculations.  If multiple sources are being 
modeled, a separate tab is provided for each source point. 
 
 

4.3.2 GENII Acute Plume Model 
 
The primary input screens for the GENII Acute Plume model are very similar to those of 
the Chronic Plume model.  This model also allows selection of a 16 or 36 point compass for 
dispersion and up to 10 distances.  This model only accepts hourly input data, because it is 
dependent upon the time of the release.  The input from the FRAMES Known Source 
module is a total release, not an annual average release. 
 
The primary difference is the handling of the hourly input meteorological data.  Note that 
the input data MUST be derived from hourly data; joint frequency data is insufficient.  The 
Model Parameters tab is shown in Figure 4.13.  This screen allows input of the date and 
time to begin the simulation.  This parameter is key to the use of the atmospheric transport 
model in the estimation of stochastic dispersion using the SUM3 processor.  Note that the 
year, month, day, and time selected MUST be available in the meteorological file supplied on 
the Meteorological Files tab, or the simulation will not run.  If the Use User’s supplied Calm 
Wind Distribution box is checked, additional information is required on this page. 
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Figure 4.13.  GENII Acute Puff Model Parameters input tab 
 
 
4.3.3 GENII Chronic Puff Model 

 
The initial input screen for the Chronic Puff model is illustrated in Figure 4.14.  This screen 
is parallel in purpose to that shown in Figure 4.9 for the chronic and acute plume models.  
The puff models use a rectangular grid for computational purposes.  The grid is defined by 
the number of nodes and distance between them (using an equal north-south and east-west 
spacing).  The overall size of the resulting domain is calculated and presented in the lower 
boxes. This tab also contains the Set Surface Roughness box; if this is checked, the user 
must input an array of surface roughness values for the entire grid. 
 
The computational complexity is directly related to the number of nodes selected.  The 
model actually uses a somewhat larger domain for tracking puffs – some of those that go off 
of the grid continue to be tracked so that they may come back on again if the wind shifts.  
Note that numerical instabilities may occur if the domain is defined to be too small; the 
resolution of the answer is also dependent on the time step evaluated between puff releases.  
If the time step is set relatively large, puffs can blow over nodes without being considered – 
and if the domain is too small, the puffs can actually leave the domain without contributing 
to integrated concentration.  This is a problem with small domains, particularly in areas with 
high average wind speeds.  Related problems may appear for radionuclides with very short 
half-lives. 
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Figure 4.14. GENII Chronic Puff Model Grid Definition tab 
 

 
The next tab is the Model Parameters.  This also differs from the parallel tab in the plume 
models.  It is illustrated in Figure 4.15.  The Other Parameters sub-tab is essentially the 
same as the plume model Other Parameter tab.  However, the Puff Controls tab is unique.  
The user will generally not need to revise these parameters.  They control the size of puffs 
and the combining of puffs. 
 
The File Information tab is similar to the equivalent tab in the plume models.  Hourly data 
is required for input to the puff models; joint frequency information manipulated into a 
quasi-hourly format using the utility programs discussed in Section 4.3.5 will NOT work in 
the puff models. 
 
The Source Information tab is similar in concept that used with the plume models.  
However, rather than define a series of building dimensions for determining building wake 
effects, the dimension of the dispersion parameter itself is entered as a simplified method of 
performing the equivalent calculation.  This is illustrated in Figure 4.16. 
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Figure 4.15.  GENII Chronic Puff Model Parameters/Puff Controls tab 
 
 
 

 
 

Figure 4.16.  Source Information tab for approximating building wake effects. 
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4.3.4 Acute Puff Model 
 
Inputs to the GENII Acute Puff model are essentially identical to those for the Chronic 
Puff.  The Model Parameters tab for the Acute Plume model has one additional tab, Time 
and Date of Release, illustrated in Figure 4.17 – it tells the code at what time to begin the 
simulation using the hourly data, in a manner parallel to that used by the GENII Acute 
Plume model.  It is again necessary that the starting time specified actually be included in the 
meteorological data supplied to the code on the File Information tab. 
 
Other parameters are similar to those described above. 
 
 

 
 

Figure 4.17.  GENII Acute Puff Model start time inputs. 
 

 
4.3.5 Formatting Meteorological Data for GENII 

 
The GENII meteorological models run from files of hourly meteorological data in a specific 
format.  If a meteorological file in GENII V.2 format is not directly available, one may be 
created from other sources of data.  If joint frequency data are available, the Use Joint 
Frequency Data file button may be chosen to activate the model to process the 
information into the appropriate format for the chronic plume model.  If hourly data are 
available, the Use SAMSON or CD144 formatted file button is used for the chronic and 
acute plume and puff models.  The necessary data types, file formats, and other processing 
information are described in the following Sections. 
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4.3.5.1 Standard GENII Meteorological Data Format 

 
The first record of the meteorological file contains the surface roughness of the site (see 
Section A.2.3) and the height of the wind measurements.  Following the first record are the 
records containing the meteorological data.  Each record after the first contains the year, 
month, day and hour of the record.  Following the date and time are the stability class, the 
flow vector (wind direction plus 180 degrees, i.e., the direction the wind is blowing towards), 
the wind speed, the dry bulb temperature, the mixing height, the precipitation type (e.g, 
none, light rain, light snow), the precipitation rate, and a weighting factor.  The format of the 
file is given in Appendix B.   
 

4.3.5.2 Converting Joint Frequency Data to GENII V.2 format 
 
Joint frequency data (JFD) may be used to simulate hourly data for the GENII chronic 
plume model.  Two different formats of JFD are read by the GENII processing program, 
the format used by the EPA’s Industrial Source Complex (ISC3) model (EPA 1995a) and the 
format used by the GENII (Napier et al. 1988).   
 
The ISC3 format, also called the STAR summary, is described in EPA(1995a) and is 
summarized here.  The JFD in the STAR format is normally constructed using 16 wind 
direction sectors, with the first 22.5 sector centered on winds from the North (increasing 
clockwise), six wind speed classes, and six stability classes.  Wind speed classes are usually 
grouped as 0-3, 3-6, 6-10, 10-16, 16-21, and greater than 21 knots.  Stability classes are based 
on the Pasquill stability categories (A [very unstable] - F [very stable]).  Thus, the JFD file in 
the ISC3 format normally consists of 96 records.  Each record is for a specific stability class 
and wind direction sector.  Within each record is the frequency for the six wind speed classes 
for the given stability class and wind direction sector.  In a quasi-programming sense, the file 
would be read as follows   
 

Loop On I = 1, Number of Stability Classes (normally 6) 
   Loop On K = 1, Number of Wind Direction Sectors (normally 16) 
READ (JFDFILE,’(6F10.0)’) (FREQ(I,J,K), J = 1 to Wind Speed Classes)    
   End Loop On K 
End Loop on I 

 
where FREQ(I,J,K) = Frequency of stability class I, wind speed class J, and wind direction 

sector K. 
 
Thus, in a normal STAR summary the first 16 records are for sixteen direction sectors of 
stability class A (or 1), the next 16 are for stability class 2, and so forth.   
 

The user provides the number of wind direction sectors, stability classes, and wind 
speed classes.  So, as long as the JFD follows the above format (records containing the 
frequency by wind speed class; records ordered by wind direction sector then stability class), 
the number of stability classes, wind direction sectors, and wind speed classes can vary. 
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Table 4.1. Format of Joint Frequency Distribution of Wind Speed, Wind Direction, and 
Atmospheric Stability for GENII. 

 
 
Record 
Number 

 
Field 
Number 

 
Data Type 

 
Field 
Size 

 
Description 

 
1 

 
1 

 
CHARACTER 

 
80 

 
Descriptive Title 

 
2 

 
1 

 
CHARACTER 

 
80 

 
Secondary Title 

 
3 

 
1 

 
INTEGER 

 
5 

 
Number of wind speed classes in file 

 
3 

 
2 

 
INTEGER 

 
5 

 
Number of atmospheric stability classes 

 
3 

 
3 

 
INTEGER 

 
5 

 
(Not Used always set to 1) 

 
3 

 
4 

 
INTEGER 

 
5 

 
(Not Used always set to 1) 

 
3 

 
5 

 
REAL 

 
10 

 
Height at which wind speed data was collected 
(m) 

 
4 

 
1 - 10 

 
REAL 

 
7 

 
Average Wind Speed for each wind speed class 
(m/s) 

 
Joint Frequency Data Set 
 
5 till end 

 
1-16 

 
REAL 

 
5 

 
Percent of time with wind from North, North-
Northeast, Northeast, etc.)  Each record has 
the 16 sectors.  Data are grouped first by 
atmospheric stability class and then by wind 
speed group. 

 
 
The GENII format is different from the ISC3 format.  A description of the format is given 
in Napier et al. (1988), and is summarized here.  Unlike the ISC3 format, the GENII format 
contains the percentages (frequency times 100) rather than frequencies of a given stability 
class, wind speed class, and wind direction sector.  The JFD is usually constructed based on 
16 wind direction sectors like the ISC3 format, but a variable number of wind speed class 
and atmospheric stability classes may be used.  Table 4.1 shows the format of the GENII 
JFD file. 
 
The GENII format JFD file has the first four records containing information about the joint 
frequency data set, and the rest of the records are the joint frequency data set.  In the same 
pseudo-programming language, the joint frequency data set would be read as: 
 
LOOP ON I = 1 TO Number of Wind Speed Classes 
    LOOP ON J = 1 TO Number of Stability Classes 
         READ( JFDFILE, ‘(16f5.0)’) (PREC(I,J,K), K = 1 to Number of Direction Sectors) 
    END LOOP ON J 
END LOOP ON I 



 19

 
As with the ISC3 format, the user provides the number of wind speed classes, wind direction 
sectors, and atmospheric stability classes. 
 
In order to convert joint frequency data to the hourly format needed for the GENII chronic 
plume model, a utility program is provided.  It is accessed from the Use Joint Frequency 
Data file button on the Chronic Plume model Meteorological Parameters tab (Figure 
4.11).  Left clicking on this button brings up the program screen illustrated in Figure 4.18. 
 

 
 

Figure 4.18.  Initial input screen for processing joint frequency information 
 
The three Browse buttons on the upper right allow the user to define a file in which to store 
the processing requirements, identify the source of the joint frequency data, and save the 
resulting quasi-hourly data file.  The first and third fields allow the user to either select an 
existing file name (in which existing data will be overridden) or type in a new name.  The 
second field allows the user to find an existing file; when the existing file is selected, the user 
is prompted to identify it as containing either STAR or GENII formatted data.  The three 
tabs on the lower portion of the window allow input of data needed in the expansion of the 
JFD to quasi-hourly data.  The Station Information describes the location and nature of the 
meteorological station from which the data are derived.  The Joint Frequency Info tab, 
Figure 4.19, provides information needed in the processing.  The meteorological information 
in the JFD file does not include date/time information.  The JJFDPROC program instead 
creates pseudo-hourly data where there is one record for each wind speed class, wind 
direction sector, and stability class found in the JFD.  In addition, the number of records will 
expanded based on variation of the temperature and precipitation type.  GENII V.2 
provides representative precipitation information that may be combined with standard JFD 
files, via the Precipitation tab illustrated in Figure 4.20.  How these variations expand the 
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number of records is explained in Appendix Sections A.3.5 and A.3.6 for temperature and 
precipitation, respectively.   
 

 
 

Figure 4.19.  Joint Frequency Info tab inputs 
 
 

 
 

Figure 4.20.  Including representative precipitation data with JFD inputs 
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When all data have been input, LEFT click on the Process Joint Frequency Distribution 
button.  The JJFDPROC processor will create a file in the appropriate GENII V.2 hourly 
format.  The output records have a weighting factor that is the number of hours with the 
meteorological data contained in the record.  As there is no date/time information, the year, 
month, day, and hour for each record is given as -1.  The data will be stored in the file 
assigned in the second box.  Exit from the processor program back to the Meteorological 
Files tab (Figure 4.11) and enter the newly created filename in the box for Path and Name 
for Meteorological Data File. 
 
Joint frequency data have historically been the most common form of meteorological 
summaries available.  Joint frequency data from the CAP-88 code for are large number of 
locations are available; these have been modified and are provided as a compressed (zip) file 
of data along with the GENII V.2 installation.  See Appendix B. 
 

4.3.5.3 Converting CD144 Data to GENII V.2 format 
 
The CD-144 format refers to the “Card Deck 144 format” available from the National 
Climatic Data Center (NCDC).  The file is composed of one record per hour, with all 
weather elements reported in an 80-column block.  The format of these records is described 
in the Card Deck 144 WBAN Hourly Surface Observation Reference Manual (NOAA 
1970), also available from NCDC.  Data in this file includes the year, month, day, hour, 
cloud ceiling height, wind direction, wind speed, dry bulb temperature, and opaque cloud 
cover (see Appendix A).  The following describes the variables found in the CD-144 format. 
 
�� Year, Month and Day - identifies the year, month and day during which the 

meteorological data were observed.   
�� Hour - identifies the hour of the meteorological data observation.  Hour is based 

on the 24-hour clock and is recorded as 00 through 23.  Times are Local Standard 
Time (LST). 

�� Ceiling Height - the height of the cloud base above local terrain and is coded in 
hundreds of feet. 

�� Wind Direction - the direction from which the wind is blowing, rounded to the 
nearest 10 degrees.  Calm is given by 00. 

�� Wind Speed - the wind speed measured in knots.  Calm given by 00. 
�� Dry Bulb Temperature - the ambient air temperature measured in whole degrees 

Fahrenheit. 
�� Cloud Cover - There are two cloud cover parameters, opaque cloud cover and 

total cloud cover.  Both parameters identify the amount of cloud covered 
measured in tens of percent, e.g. 0 = clear or less than 10%, 4 = 40 - 49%, ‘-’ = 
Overcast of 100%.  The model uses opaque cloud cover. 

 
In order to convert CD144 data to the GENII V.2 hourly format, use the Use SAMSON or 
CD144 formatted file button on the chronic or acute puff or plume Meteorological Files tab.  
This  will start a processing program with an input screen illustrated in Figure 4.21.   The 
three Browse buttons on the upper right allow the user to define a file in which to store the 
processing requirements, identify the source of the CD144 data, and save the resulting 
hourly data file.  The first and third fields allow the user to either select an existing file name 
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(in which existing data will be overridden) or type in a new name.  The second field allows 
the user to find an existing file; when the existing file is selected, the user is prompted to 
identify it as containing either CD144 or SAMSON formatted data.  If hourly precipitation 
data are available in the NCDC TD3240 format, checking the Use TD3240 Data box opens 
a fourth filename box, in which that filename may be entered.  The inputs on the lower 
portion of the window allow input of data needed in the expansion, describing the location 
and nature of the meteorological station from which the data are derived. 
 
When all data have been input, LEFT click on the Process Data button.  The HRLYPROC 
processor will create a file in the appropriate GENII V.2 hourly format.  The data will be 
stored in the file assigned in the second box.  Exit from the processor program back to the 
Meteorological Files tab (Figure 4.11) and enter the newly created filename in the box for 
Path and Name for Meteorological Data File. 
 
CD144 data may be purchased from the National Climatic Data Center.  Alternatively, a 
large amount of CD144 data are available from the EPA Technology Transfer Network 
Support Center for Regulatory Air Models, located on the Internet at 
http://www.epa.gov/scram001/tt24.htm .  Note that this data may require preliminary 
decompression and conversion to CD144 format before it can be successfully used in the 
GENII processing routine. 
 
 

 
 
Figure 4.21.  Input screen for processing CD144 or SAMSON data 
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4.3.5.4 Converting SAMSON Data to GENII V.2 format 

 
The National Climatic Data Center (NCDC) has made available solar and meteorological 
data form the first order stations in the United States for the period 1961 - 1990 on a set of 
three CD-ROMs, referred to as the SAMSON data.  A second CD of data from 1991 
through 1995 is also available.  The GENII V.2 processors can process data retrieved from 
these CD-ROMs.  It cannot access the data directly from the SAMSON CD-ROM, but the 
user can run the software provided with the data to retrieve the station, period of time and 
variables from the site and period to be modeled.  The software is a DOS-based, interactive 
graphical interface. 
 
Multiple years of data can be extracted for a single station and saved to the same file.  
However, the GENII processor expects a maximum of one year of data in the data file.  The 
reason for this restriction is explained below. 
 
Retrieving the data from the CD-ROM is completely under the control of the user.  When 
data are retrieved from the CD-ROMs, the user has the option to specify which variables to 
retrieve from a list of 21 variables for each station.  At a minimum, the ceiling height, wind 
direction, wind speed, dry bulb temperature, opaque cloud cover, and present weather must 
be retrieved.  In most cases, the hourly precipitation amount will also be retrieved, but it is 
not required. 
 
When the data are retrieved from the CD-ROM, two records are written at the beginning of 
the file that identify the station (first record) and the variables retrieved (second record).  
GENII uses both records to obtain information about the station (e.g., latitude and 
longitude) and to determine how to process the data that follows.  There two records begin 
with the title character (~).  If more than one year or data are retrieved from the CD-ROM, 
these two records will appear before each year in the file.  Thus, an error will occur when the 
program reads these second set of header records.   
 
The second header record is used by the model to determine if enough variables have been 
retrieved from the CD-ROM.  If there are insufficient variables retrieved, an error will occur 
during the model execution.  The user should return to the CD-ROM and retrieve the data 
once again to make sure all the necessary variables are retrieved. 
 
Data records follow the header records in the retrieved file.  There is one record for each 
hour of time period selected by the user.  Unlike the CD-144 format which reports the hour 
on the 00 - 23 clock, the hour in the retrieved file is reported on the 01 - 24 hour clock.  
Hour 24 of a day from the SAMSON data corresponds to hour 00 of the next day for the 
CD-144 data. 
 
Data stored in the SAMSON format are in different units than found in the CD-144 data.  
The output using either format is the same, so the SAMSON and CD-144 data are 
converted to a specific set of units for each meteorological variable. 
 
The process for converting the data is the same as that described above for CD144 data; 
only the selection of SAMSON is different.  TD3240 data are not necessary with SAMSON. 
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4.4 Using the GENII Near Field Module 
 
This user interface controls input for the near-field chronic terrestrial models used to 
estimate the radionuclide exposure media concentration for soil-based terrestrial pathways. 
The analysis starts with the initial concentration of each pollutant in the three soil 
compartments: surface soil, deep soil, and waste package.  
 
The File menu item allows input data to be saved, or existing data to be reviewed and 
retained unchanged.  The Defaults menu item allows the user to reset all parameters to one 
of two sets of preselected values, for convenience labeled as Maximum Individual and 
Average Individual.  If the defaults are selected, any changes made earlier will be overwritten. 
Nearly all non-control parameters have the ability to associate a reference.  These references 
are intended to help document the selection of parameters and allow traceability of 
assumptions.  To associate a reference with a data entry, place the focus (click the cursor in 
the box) on the parameter of interest, click on the Reference menu item, and select either 
Add or Select.  A window like that shown in Figure 4.6 will appear.  If the Add option was 
selected, a blank entry will appear allowing text entry of a new reference.  The entries are free 
formatted, so any short and long descriptor may be added.  If the Select option is chosen, 
the available entries may be scrolled using the arrow buttons, or a specific entry searched for 
using the appropriate boxes. 
 
Three kinds of Help are available: General, Context specific, or allowed Ranges of input 
values.  If no individual parameter has the focus of the mouse cursor, selection of Help will 
bring up the general help, which describes the Near Field model inputs in general terms.  If a 
parameter has the focus, the context specific help will describe the use of the particular 
parameter.  For a parameter with the control focus, selection of ranges will provide the lower 
and upper bounds that the GENII interface will allow for that particular parameter value. 
 

4.4.1 Main Control Screen  
 
The main control screen, Figure 4.2, for the GENII near-field chronic exposure user 
interface allows the user to select sources for each soil compartment, make general selections 
on exposure pathways to include, and to define some basic parameters for the exposure 
analysis.  
 
The general selections allow inclusion (control box checked) or exclusion of general classes 
of exposure pathways.  
�� Terrestrial food ingestion  
�� Animal product ingestion 
�� The debug option flag should not be used (checked) by the average user as large output 

files may be generated.  
  
The parameters entered on the control screen are for description of the timing of the 
exposure scenario and other parameters that are general in nature to the overall analysis.  
 
Time from start to exposure is the time from zero to the beginning of the intake analysis. 
The duration of exposure begins at the end of the time to start of exposure. 
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Figure 4.22.  GENII Near Field Exposure Module main control screen 
 
 
 
Duration of exposure is the time period over which the individual is exposed. It is measured 
from the time given for the start of exposure. A minimum value of 1 year should be 
provided, and the value should be in increments of 1 year. The analysis will provide results 
to the exposure media intermediate file (EPF extension) for each year in the duration of 
exposure. A longer exposure duration will result in a larger output file.  
 
Loss of institutional control time prior to exposure is measured backward from the "time to 
start of exposure" and must be less than or equal to the "time to start of exposure".  
 
Absolute humidity is used in the special tritium models for food pathways.  
 
The next three items on the controls screen allow the user to define the source for each of 
the three soil compartments.  The pull-down lists display the source glyphs that are 
connected to the current exposure glyph.  The user selects the source glyph that is to 
represent each of the three soil compartments.  It is not necessary to define a source for 
each compartment, although all sources should be assigned to one of the compartments.  
No more than three source glyphs should be connected to the exposure glyph (less than 
three is allowable).  While it is allowable to assign one source glyph to more than one soil 
compartment, this may not be a realistic situation.  
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The waste package half life defines the rate at which the waste package deteriorates and 
releases activity to the deep soil.  A value for this parameter is needed only if a waste package 
source is identified.  A zero value for the half life will result in total loss from the waste 
package in the first year. 
  

4.4.2 Soil - Leaching Screen  
 
The Soil/Leaching Screen is illustrated as Figure 4.23.  The type of leach rate constant 
option allows selection of the method for specifying the soil loss rate constant for the 
leaching model. The rate constant may be defined in three ways: use of values in the GENII 
transport factor data file, calculation of rate constants from user supplied parameters, or 
input of rate constants (for each radionuclide). The method is selected from the pull-down 
list. When use of the GENII transport factor data file is selected, no additional input is 
needed for this screen.  
 

 
 

Figure 4.23.  Soil/Leaching screen with user input selected 
 
User supplied parameters for calculation of the leach rate constant are as follows. Numerical 
values and correct units must be entered for each parameter when the rate constant 
calculation option is selected.  
 
Surface soil thickness is the average thickness of the surface soil for use in estimation of the 
leach rate constant. If the surface soil is agricultural land, the thickness should be set to 
represent the plow layer.  
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Surface soil bulk density representative of the surface soil layer at the exposure location.  
 
Surface soil moisture content is the volume fraction of the soil that is moisture.  
 
Total infiltration rate may be evaluated as the total annual precipitation + irrigation rate - 
evapotranspiration rate.  
 
Surface absorption coefficient (Kd) for a radionuclide is set representative of conditions for 
the surface soil layer. A value must be entered for each radionuclide in the inventory. The 
radionuclide is selected from the pull-down list under the title "Parent soil absorption 
coefficient". If the selected parent radionuclide has any progeny, then a list of progeny will 
appear to the right of the parent data input boxes. Absorption coefficients should be entered 
for each progeny (if any) in the list for each parent.  
 
When soil leach rate constants are to be entered by the user, the values are entered for each 
radionuclide parent and progeny. The radionuclide is selected from the pull-down list under 
the title "Parent soil leach rate constant". If the selected parent radionuclide has any progeny, 
then a list of progeny will appear to the right of the parent data input boxes. Leach rate 
constants should be entered for each progeny (if any) in the list for each parent.  
  

4.4.3 Soil - Resuspension Screen  
 

This screen (Figure 4.24) allows the user to select the model for estimation of air 
concentrations above the contaminated soil.  Necessary parameters for the selected model 
are requested.  
 
The type of model to run selects the model to use to evaluate air concentration from 
calculated soil concentrations.  Four options are available: none (no resuspended 
contamination), use mass loading model, use Anspaugh model, and user input of 
resuspension factor.  
 
The mass loading factor for resuspension model parameter is entered when the mass loading 
option is selected. This parameter is the airborne particulate concentration at the exposure 
location.  Contaminants in suspended soil are assumed to be at the same concentration as 
surface soil.  
 
The depth of topsoil available for resuspension parameter is entered when the Anspaugh 
model is selected. This parameter represents the thickness of soil in which the deposited 
activity has been mixed that is available to be resuspended.  
 
The resuspension factor is entered when that option has been selected. The value provided 
is used for all radionuclides in the analysis.  
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Figure 4.24.  Near Field Soil/Resuspension screen 
 

4.4.4 Soil - Description Screen  
 
This screen (Figure 4.25) allows selection of options and input of parameters for the soil 
compartment model.  
 
The option biotic transport from deep soil to surface soil allows the user to activate the 
biotic transport model (box checked).  
 
The option estimate biotic transport prior to start of intake allows the user to model biotic 
transport prior to the start of the intake (exposure) period.  
 
The option arid climate during period prior to intake indicates that the period prior to the 
start of intake is represented by an arid climate, without irrigation.  Biotic transport 
parameters appropriate to an arid site are used for that analysis.  
 
The surface soil areal density is used to convert concentrations expressed per unit area to 
concentrations expressed per unit soil mass.  
 
The surface soil layer thickness used for density is the depth of soil used in calculation of the 
soil areal density.  
 
The surface soil density is the soil mass density used to calculate the soil areal density.  
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Figure 4.25.  Near Field Soil/Description screen 
 
The depth of soil overburden over waste is the distance from the top of the surface soil layer 
to the top of the deep soil layer.  
 
The thickness of buried waste layer is the thickness of the layer in which the deep soil source 
is distributed.  
   
The source area for external dose modification factor is the area over which the surface soil 
contamination is spread.  The parameter is used to adjust the external dose rate factors for 
ground external exposure because of less than infinite size.  
 
The manual redistribution factor relates deep soil concentration to surface soil 
concentration.  This model represents the manual moving of deep soil to the surface and 
spreading it over the contaminated soil area.  The factor is the ratio of concentration of 
resulting surface soil to the initial deep soil contamination concentration (a value of 1.0 
indicates that the final surface soil is entirely made up of deep soil).  
 

4.4.5 Agriculture - General Screen  
 
This screen, Figure 4.26,  allows the user to describe harvest removal, deposition to plants 
and resuspension to plant surfaces, and loss by weathering from plant surfaces.  
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The radionuclide removal due to harvesting option allows the user to activate ("x" in box) 
the calculation of radionuclide loss from soil due to harvest removal of each food crop and 
animal product feed. When activated, the soil concentration is depleted at the end of each 
year.  The amount of loss is calculated from the plant concentration at harvest, the annual 
plant yield, the root penetration factors, and the soil concentrations at harvest.  
 
The user defined dry deposition retention fraction to plants option allows the user to select 
the method for evaluating the dry deposition retention fraction. If this option is activated 
("x" in box), then the user is allowed to enter the dry deposition retention fraction to plants 
(next parameter).  The default is to allow the code to calculate this parameter as a function of 
biomass.  
 
The dry deposition retention fraction to plants is entered representing the fraction of dry 
deposition activity that is retained on plant surfaces.  
 
The resuspension factor from soil to plant surfaces is used to evaluate the air concentration 
above the plants from resuspension of particulate activity.  
 
The deposition velocity from soil to plant surfaces is used to estimate the amount of 
resuspended activity deposited onto plants.  
 
 

 
 

Figure 4.26. Near Field Agriculture/General Screen  



 31

The weathering half life from plants is used to evaluate the weathering loss rate constant for 
loss of activity between deposition (wet or dry) and harvest.  
  
The fraction of plant roots in surface soil is used to estimate plant uptake from 
contamination in the surface soil layer.  Uptake is assumed to be proportional to root 
fraction. 
 
The fraction of plant roots in deep soil is used to estimate plant uptake from contamination 
in the deep soil layer.  
 
The Agriculture tab, Figure 4.26, has a large number of sub-screens, described in the 
following sections.  Illustrative figures are not provided; each screen consists of a series of 
data entry boxes with associated units and referencing capabilities. 

 
4.4.5.1 Agriculture - Animal Feed - Biomass Screen  
 
The standing biomass for each animal feed type is the total above-ground plant mass (wet 
weight) used to estimate the foliar deposition interception fraction.  
 
4.4.5.2 Agriculture - Animal Feed - Consumption Screen  
 
The feed consumption rate for each animal feed is entered.  The value for each feed type 
represents the amount of feed the animal consumes.  These values are multiplied by the 
contaminated fraction to determine the total intake of each feed type.  
 
4.4.5.3 Agriculture - Animal Feed - Storage Time Screen  
 
The storage time between harvest and feeding to the animal is used to evaluate radioactive 
decay during the storage period.  
 
4.4.5.4 Agriculture - Animal Feed - Contaminated Fraction Screen  
 
The contaminated fraction of feed for each animal type is the fraction of the feed type fed to 
the animal that is contaminated.  This fraction is multiplied by the feed consumption rate to 
determine the total contaminated intake of each feed type.  
 
4.4.5.5 Agriculture - Animal Feed - Growing Period Screen  
 
The growing period for each animal feed type defines the period for resuspended deposition 
to plants.  
 
4.4.5.6 Agriculture - Animal Feed - Yield Screen  
 
The yield of each animal feed type gives the total annual production of edible feed crops per 
unit area of farmland.  This value is used to estimate harvest removal.  
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4.4.5.7 Agriculture - Animal Feed - Translocation Factor Screen 
 
The translocation factor for each animal feed type is the fraction of activity reaching the 
plant surface that is transferred to the edible part of the plant.  
 
4.4.5.8 Agriculture - Animal Feed - Dry/wet Ratio Screen  
 
The dry/wet ratio for each animal feed type is used to convert between dry and wet weight 
bases.  
 
4.4.5.9 Agriculture - Food Crop - Biomass Screen 
  
The standing biomass for each food crop is used to estimate foliar interception.  
 
4.4.5.10 Agriculture - Food Crop - Growing Period Screen  
 
The growing period for each food crop defines the foliar deposition period for plants.  
 
4.4.5.11 Agriculture - Food Crop - Yield Screen  
 
The yield of each food crop gives the total annual production of edible food crops per unit 
area of farmland.  This value is used for estimating harvest removal.  
 
4.4.5.12 Agriculture - Food Crop - Translocation Factor Screen  
 
The translocation factor for each food crop is the fraction of activity reaching the plant 
surface that is transferred to the edible part of the plant.  
 
4.4.5.13 Agriculture - Food Crop - Dry/wet Ratio Screen  
 
The dry/wet ratio for each food crop is used to convert between dry and wet weight bases.  
 
4.4.5.14 Agriculture - Intake Delays Screen  
 
The intake delay for each food crop and animal product is the average time between harvest 
and consumption of the food by the exposed individual.  The time period is used to account 
for radioactive decay prior to consumption.  
 
4.4.5.15 Agriculture - Production Screen  
   
This screen is for input of vegetative yield during the optional period prior to the start of 
intake.  Three vegetative yield values may be entered representing the three options for the 
prior buildup period.  
 
The yearly vegetative production for arid lands during the optional buildup period  
represents an arid site without irrigation during the period.  
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The yearly vegetative production for humid lands during the optional buildup period  
represents a humid site (without or without) irrigation during the period.  
 
The yearly vegetative production for agricultural lands during the optional buildup period  
represents farming at a humid site, or an arid site with irrigation, during the period.  
 

4.4.6 Pathways Screen  
 
The selection of exposure pathways is controlled on this screen (Figure 4.27).  Each pathway 
may be selected for inclusion in the analysis for the current exposure location.  The 
following pathways may be selected.  

�� Animal product (beef, poultry, milk, eggs) ingestion 
�� Food crop (leafy vegetables, root vegetables, fruit, grains) ingestion   
�� Inadvertent soil ingestion  
�� Inhalation of suspended soil   
�� External exposure from soil activity  

 
 

 
 

Figure 4.27  Near Field Pathways selection screen 
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4.5 Using the GENII Chronic Exposure Module 
 
This user interface controls input for the chronic terrestrial and aquatic models used to 
estimate the radionuclide exposure media concentration for soil, terrestrial, and aquatic 
exposure pathways. The deposition from prior years of deposition (air and water) is 
evaluated using atmospheric deposition and water concentration data provided as a function 
of time.  
 
The various GENII or other FRAMES-compatible atmospheric transport modules may be 
used to supply information to the GENII chronic exposure model.  The General Info 
model selection window (accessed by LEFT clicking on the exposure icon) has two 
parameters that interact between the air transport models and the GENII chronic exposure 
model.  These are the Easting Coordinate and the Northing Coordinate for the GENII 
exposure model (see Figure 3.3).  These coordinates are used to describe the location of the 
location of interest relative to the center of the atmospheric dispersion grid.  If the defaults 
of (0,0) Easting and Northing are used, it is assumed that ALL points on the atmospheric 
grid are desired.  If any other pair of values is used, the GENII model will determine the 
CLOSEST atmospheric grid point, and use the values appropriate to that location. 
 
The File menu item allows input data to be saved, or existing data to be reviewed and 
retained unchanged.  The Defaults menu item allows the user to reset all parameters to one 
of two sets of preselected values, for convenience labeled as Maximum Individual and 
Average Individual.  If the defaults are selected, any changes made earlier will be overwritten. 
Nearly all non-control parameters have the ability to associate a reference.  These references 
are intended to help document the selection of parameters and allow traceability of 
assumptions.  To associate a reference with a data entry, place the focus (click the cursor in 
the box) on the parameter of interest, click on the Reference menu item, and select either 
Add or Select.  A window like that shown in Figure 4.6 will appear.  If the Add option was 
selected, a blank entry will appear allowing text entry of a new reference.  The entries are free 
formatted, so any short and long descriptor may be added.  If the Select option is chosen, 
the available entries may be scrolled using the arrow buttons, or a specific entry searched for 
using the appropriate boxes. 
 
Three kinds of Help are available: General, Context specific, or allowed Ranges of input 
values.  If no individual parameter has the focus of the mouse cursor, selection of Help will 
bring up the general help, which describes the Near Field model inputs in general terms.  If a 
parameter has the focus, the context specific help will describe the use of the particular 
parameter.  For a parameter with the control focus, selection of ranges will provide the lower 
and upper bounds that the GENII interface will allow for that particular parameter value. 
 
 

4.5.1 Main Control Screen  
 
The main control screen for the GENII chronic exposure user interface, Figure 4.28, allows 
the user to make general selections on exposure pathways to include, and to define some 
basic parameters for the exposure analysis.  
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Figure 4.28.  GENII Chronic Exposure Module Main Controls screen 
 
 
The general selections allow inclusion (control box checked) or exclusion of general classes 
of exposure pathways.  

�� Animal product ingestion  
�� Terrestrial food ingestion 
�� Aquatic food ingestion  
�� Recreational surface water exposures  
�� The debug option flag should not be used (checked) by the average user as large 

output files may be generated.  
 
The parameters entered on the control screen are for description of the timing of the 
exposure scenario and other parameters that are general in nature to the overall analysis. 
 
Duration of exposure period is the time period over which the individual is exposed. It is 
measured from the time given for the start of exposure. A minimum value of 1 year should 
be provided, and the value should be in increments of 1 year. The analysis will provide 
results (to the exposure media intermediate file (EPF extension) for each year in the duration 
of exposure. A longer exposure duration will result in a larger output file.  
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End of release period is the elapsed time measured from time zero to the end of the release 
(from air, surface water, or groundwater). Exposures may be evaluated beyond this time 
period for exposure to residual activity.  
 
Time from start to exposure is the time from zero to the beginning of the intake analysis. 
The duration of exposure begins at the end of the "time from start to exposure."  
 
Air deposition time prior to exposure is used when atmospheric releases are being evaluated. 
This time period is measured backwards from the "time from start to exposure" and must be 
less than or equal to that time parameter.  
 
Other parameters on the control screen are as follows.  
 
Absolute humidity is used in the special tritium models for food pathways.  
 
Fraction of plant roots in surface soil is used in the food crop and animal feed analyses and 
represents the fraction of plant roots that are in the contaminated soil layer. The uptake by 
plants is assumed to be proportional to this fraction.  
 
Average daily rain rate is used to estimate the interception fraction from rain when wet 
deposition rates are provided in the atmospheric transport output file (ATO), and the user 
has selected the option to allow the code to calculate the wet deposition interception 
fraction.  
 

4.5.2 Water - General Screen  
 
This screen, Figure 4.29, is accessible when a waterborne source (groundwater or surface 
water) is connected to the exposure location glyph. If no groundwater or surface water 
source is attached to the Chronic Exposure icon, this screen will not be visible. On this 
screen the user makes selections related to waterborne exposure pathways.  
 
The aquatic foods from salt water selection box is activated ("x" in box) if the surface water 
body is salt water. This causes the calculation of aquatic foods to use bioaccumulation 
factors representative of marine environments. Otherwise, fresh water factors are used.  
 
The treatment plant purification factor selection box is activated ("x" in box) if reduction of 
water concentration is to be included for a water treatment plant, prior to domestic use. If 
selected, the water concentration for domestic pathways is reduced by the water purification 
factors from the GENII transport factor database.  
 
The residential irrigation selection box is activated ("x" in box) if a home lawn or garden is 
represented in the exposure analysis. Parameters related to residential irrigation are used to 
estimate the soil concentration that individuals are exposed to from irrigation in the home 
lawn or garden.  
 
The source of residential irrigation is selected using the pull-down list. The options available 
depend on the waterborne sources connected to the exposure glyph.  
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Figure 4.29.  Chronic Exposure Water/General screen 
 
 
The irrigation rate for residential land is the irrigation water application rate to residential 
land.  
 
The irrigation time for residential land is the total time that irrigation occurs on residential 
land during a year.  
 
The irrigation water deposition time prior to exposure is used when waterborne releases with 
irrigation are being evaluated. This time period is measured backwards from the "time from 
start to exposure" and must be less than or equal to that time parameter.  
 
The source of domestic water is selected from the pull-down list. The options available 
depend on the waterborne sources connected to the exposure glyph.  
 
The volatilization factor for radon and the volatilization factor for radionuclides must be 
provided when the exposure pathway of indoor inhalation from water use is included. These 
factors are used to relate the domestic water concentration to the indoor air concentration of 
radionuclides present in the water.  
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The delay time in water distribution system is used to account for radioactive decay in transit 
from the water exposure point to the usage point for domestic water.  
 
The shoreline sediment density is provided if the shoreline sediment exposure pathway has 
been selected. It is used to convert the radionuclide transfer per unit area to sediment 
concentration per unit mass. The sediment density is expressed as mass of sediment per unit 
area of shoreline and should be based on the layer of sediment in which the contamination is 
mixed.  
 

4.5.3 Water - Animal Water Screen  
 
This screen contains parameters for the animal drinking water route. Values are provided for 
the four animal products: beef, poultry, milk, and eggs.  
 
The contaminated fraction of water for each animal type represents the fraction of the 
animal's water that is from the contaminated waterborne source.  
 
The intake rate of water for each animal type is the total water ingestion rate for the animal.  
   

4.5.4 Water - Irrigation Sources Screen  
 
This screen allows the user to define the source of irrigation (none, surface water, or aquifer) 
for each food crop and animal feed crop. Selections are made from the drop-down boxes for 
each possible pathway.  The options available depend on the waterborne sources connected 
to the exposure glyph. In order to have access to these parameters, the appropriate selection 
flags on the control screen must be set properly ("x" in box).  
 

4.5.5 Water - Irrigation Rates Screen  
 
This screen allows the user to define the irrigation rate for each food crop and animal 
product crop. In order to have access to these parameters, the appropriate selection flags on 
the Control screen must be set properly ("x" in box).  
   

4.5.6  Water - Irrigation Times Screen 
  
This screen allows the user to define the irrigation time for each food crop and animal 
product crop. This is the time period that irrigation occurs during a typical year. In order to 
have access to these parameters, the appropriate selection flags on the Control screen must 
be set properly ("x" in box).  
   

4.5.7 Soil Tab 
 
The soil tab has several sub-screens.  The details of each screen are similar to those 
described in Sections 4.4.2, 4.4.3, and 4.4.4 for the Near Field module. 
 
4.5.7.1  Soil - Leaching Screen  
 
The soil screens are similar in format and content to those of Figure 4.23. 



 39

 
The type of leach rate constant option allows selection of the method for specifying the soil 
loss rate constant for the leaching model. The rate constant may be defined in three ways: 
use of values in the GENII transport factor data file, calculation of rate constants from user 
supplied parameters, or input of rate constants (for each radionuclide). The method is 
selected from the pull-down list. When use of the GENII transport factor data file is 
selected, no additional input is needed for this screen.  
 
User supplied parameters for calculation of the leach rate constant are as follows. Numerical 
values and correct units must be entered for each parameter when the rate constant 
calculation option is selected.  
 
Surface soil thickness is the average thickness of the surface soil for use in estimation of the 
leach rate constant. If the surface soil is agricultural land, the thickness should be set to 
represent the plow layer.  
 
Surface soil bulk density representative of the surface soil layer at the exposure location.  
 
Surface soil moisture content is the volume fraction of the soil that is moisture.  
 
Total infiltration rate may be evaluated as the total annual precipitation + irrigation rate - 
evapotranspiration rate.  
 
Surface absorption coefficient (Kd) for a radionuclide is set representative of conditions for 
the surface soil layer. A value must be entered for each radionuclide in the inventory. The 
radionuclide is selected from the pull-down list under the title "Parent soil absorption 
coefficient". If the selected parent radionuclide has any progeny, then a list of progeny will 
appear to the right of the parent data input boxes. Absorption coefficients should be entered 
for each progeny (if any) in the list for each parent.  
 
When soil leach rate constants are to be entered by the user, the values are entered for each 
radionuclide parent and progeny. The radionuclide is selected from the pull-down list under 
the title "Parent soil leach rate constant". If the selected parent radionuclide has any progeny, 
then a list of progeny will appear to the right of the parent data input boxes. Leach rate 
constants should be entered for each progeny (if any) in the list for each parent.  
   
4.5.7.2 Soil - Resuspension Screen  
 
This screen is similar to the equivalent screen for the Near Field module, Figure 4.24. 
 
The type of model to run selects the model to use to evaluate air concentration from 
calculated soil concentrations.  Four options are available: none (no resuspended 
contamination), use mass loading model, use Anspaugh model, and user input of 
resuspension factor.  
 
The mass loading factor for resuspension model parameter is entered when the mass loading 
option is selected. This parameter is the airborne particulate concentration at the exposure 
location.  
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The depth of topsoil available for resuspension parameter is entered when the Anspaugh 
model is selected. This parameter represents the thickness of soil in which the deposited 
activity has been mixed.  
 
The resuspension factor is entered when that option has been selected. The value provided 
is used for all radionuclides in the analysis.  
 
4.5.7.3 Soil - Surface Soil Screen  
 
This screen, equivalent to that for the Near Field module (Figure 2.25) allows input of 
parameters describing the surface soil layer. These parameters are related.  
 
The surface soil areal density is used to convert concentrations expressed per unit area to 
concentrations expressed per unit soil mass.  
 
The surface soil layer used for density is the depth of soil used in calculation of the soil areal 
density.  
 
The surface soil density is the soil mass density used to calculate the soil areal density.  
 

4.5.6 Agriculture - General Screen  
 
This screen, similar to that for the Near Field module, Figure 4.26, allows the user to 
describe harvest removal, deposition to plants, and resuspension to plant surfaces, and loss 
by weathering from plant surfaces.  
 
The radionuclide removal due to harvesting option allows the user to activate ("x" in box) 
the calculation of radionuclide loss due to harvest removal of each food crop and animal 
product feed. When activated, the soil concentration is depleted at the end of each year.  The 
amount of loss is calculated from the plant concentration at harvest, the annual plant yield, 
the root penetration factors, and the soil concentrations at harvest.  
 
The user defined dry deposition retention fraction to plants option allows the user to select 
the method for evaluating the dry deposition retention fraction. If this option is activated 
("x" in box), then the user is allowed to enter the dry deposition retention fraction to plants 
(next parameter).  If not activated, the code uses the default method based on plant biomass.  
 
The dry deposition retention fraction to plants is entered to define the fraction of dry 
deposition activity that is retained on plant surfaces during initial dry deposition from the air.  
 
The user defined wet deposition retention fraction to plants option allows the user to select 
the method for evaluating the wet deposition retention fraction. If this option is activiated 
("x" in box), then the user is allowed to enter the wet deposition retention fraction to plants 
(next parameter).  If not activated, the code uses the default method based on biomass and 
rainfall rate.  
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The wet deposition retention fraction to plants is entered representing the fraction of wet 
deposition activity that is retained on plant surfaces during initial wet deposition.  
 
The resuspension factor from soil to plant surfaces is used to evaluate the air concentration 
above the plants from resuspension of particulate activity.  
 
The deposition velocity from soil to plant surfaces is used to estimate the amount of 
resuspended activity deposited onto plants.  
 
The weathering half life from plants is used to evaluate the weathering loss rate constant for 
loss of activity between deposition (wet or dry) and harvest.  
   
  
4.5.6.1 Agriculture - Animal Feed - Biomass Screen  
 
The standing biomass for each animal feed type is the total above-ground plant mass (wet 
weight) used to estimate interception fractions for wet and dry deposition.  
   
4.5.6.2 Agriculture - Animal Feed - Consumption Screen  
 
The feed consumption rate for each animal feed is entered.  The value for each feed type 
represents the total intake of this type of feed.  These values are multiplied by their 
respective contaminated fraction to determine the contaminated portion of the intake of 
each feed type.  
   
4.5.6.3 Agriculture - Animal Feed - Storage Time Screen  
 
The storage time between harvest and feeding to the animal is used to evaluate radioactive 
decay during the storage period.  
   
4.5.6.4 Agriculture - Animal Feed – Diet Fraction Screen  
 
The contaminated fraction of feed for each animal type is the fraction of the feed type eaten 
by the animal that is contaminated.  This fraction is multiplied by the feed consumption rate 
to determine the total contaminated intake of each feed type.  
   
4.5.6.5 Agriculture - Animal Feed - Growing Period Screen  
 
The growing period for each animal feed type defines the deposition period for irrigation 
and atmospheric deposition to plants.  
   
4.5.6.6 Agriculture - Animal Feed - Yield Screen  
 
The yield of each animal feed type gives the total annual production of edible feed crops per 
unit area of farmland. The yield is used to calculate the harvest removal losses from the soil.  
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4.5.6.7 Agriculture - Animal Feed - Dry/wet Ratio Screen  
 
The dry/wet ratio for each animal feed type is used to convert between dry and wet weight 
bases.  
   
4.5.6.8 Agriculture - Animal Feed - Translocation Factor Screen  
 
The translocation factor for each animal feed type is the fraction of activity reaching the 
plant surface that is transferred to the edible part of the plant.  
   

4.5.7 Agriculture – Food Crop 
 
The Food Crop screen has several sub-screens used to input the parameters necessary to 
describe agricultural practices for foods consumed directly by people. 
 
4.5.7.1 Agriculture - Food Crop - Biomass Screen  
 
The standing biomass for each food crop is used to estimate soil losses from harvest 
removal.  
   
4.5.7.2 Agriculture - Food Crop - Growing Period Screen  
 
The growing period for each food crop defines the deposition period for irrigation and 
atmospheric deposition to plants.  
   
4.5.7.3 Agriculture - Food Crop - Yield Screen  
 
The yield of each food crop gives the total annual production of edible food crops per unit 
area of farmland.  
   
4.5.7.4 Agriculture - Food Crop - Dry/wet Ratio Screen  
 
The dry/wet ratio for each food crop is used to convert between dry and wet weight bases.  
   
4.5.7.5 Agriculture - Food Crop - Translocation Factor Screen  
 
The translocation factor for each food crop is the fraction of activity reaching the plant 
surface that is transferred to the edible part of the plant.  
 

4.5.8 Agriculture - Intake Delays Screen  
 
This screen is similar to that in the Near Field module. 
 
The intake delay for each food crop, animal product, and aquatic food is the average time 
between harvest and consumption of the food by the exposed individual.  The time period is 
used to account for radioactive decay prior to consumption.  
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4.5.9 Pathways Screen  
 
This screen is similar to that for the Near Field module, Figure 4.27. 
 
The selection of exposure pathways is controlled on this screen.  Each pathway may be 
selected for inclusion in the analysis for the current exposure location.  The following 
pathways may be selected.  
 

�� Animal product (beef, poultry, milk, eggs) ingestion  
�� Food crop (leafy vegetables, root vegetables, fruit, grains) ingestion  
�� Aquatic food (fish, mollusks, crustacea, aquatic plants) ingestion  
�� Drinking water ingestion  
�� Inadvertent shower water ingestion  
�� Inadvertent swimming water ingestion  
�� Inadvertent soil ingestion  
�� Air inhalation from atmospheric transport  
�� Indoor inhalation of contaminants released from domestic water during showering 

and other uses  
�� Inhalation of suspended soil from prior air or irrigation deposition  
�� External exposure from waterborne activity while swimming  
�� External exposure from waterborne activity while boating  
�� External exposure from sediment activity while on shoreline  
�� External exposure from soil activity  
�� External exposure to airborne activity from atmospheric transport  

   
The external exposure to air may be evaluated using the finite plume model or the semi-
infinite plume model.  When the finite plume model is checked, the external dose values are 
read directly from the atmospheric transport file (ATO) and no calculations are performed 
for this pathway in the GENII chronic exposure module.  Otherwise, a semi-infinite plume 
is assumed and the dose is to be based on the air concentration.  
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Figure 4.30.  Chronic Exposure Pathways Selection screen 
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4.6 Using the GENII Acute Exposure Module 
 
This user interface controls input for the GENII acute terrestrial and aquatic models used to 
estimate the radionuclide exposure media concentrations for soil, terrestrial, and aquatic 
exposure pathways. The deposition from air and water is evaluated using integrated 
atmospheric deposition and water concentration data provided as input from prior 
modules. The model assumes an acute initial deposition followed by chronic exposure to the 
residual environmental contamination. 
 
The various GENII or other FRAMES-compatible atmospheric transport modules may be 
used to supply information to the GENII acute exposure model.  The General Info model 
selection window (accessed by LEFT clicking on the exposure icon) has two parameters that 
interact between the air transport models and the GENII acute exposure model.  These are 
the Easting Coordinate and the Northing Coordinate for the GENII exposure model (see 
Figure 3.3).  These coordinates are used to describe the location of the location of interest 
relative to the center of the atmospheric dispersion grid.  If the defaults of (0,0) Easting and 
Northing are used, it is assumed that ALL points on the atmospheric grid are desired.  If any 
other pair of values is used, the GENII model will determine the CLOSEST atmospheric 
grid point, and use the values appropriate to that location. 
 
The File menu item allows input data to be saved, or existing data to be reviewed and 
retained unchanged.  The Defaults menu item allows the user to reset all parameters to one 
of two sets of preselected values, for convenience labeled as Maximum Individual and 
Average Individual.  If the defaults are selected, any changes made earlier will be overwritten. 
Nearly all non-control parameters have the ability to associate a reference.  These references 
are intended to help document the selection of parameters and allow traceability of 
assumptions.  To associate a reference with a data entry, place the focus (click the cursor in 
the box) on the parameter of interest, click on the Reference menu item, and select either 
Add or Select.  A window like that shown in Figure 4.6 will appear.  If the Add option was 
selected, a blank entry will appear allowing text entry of a new reference.  The entries are free 
formatted, so any short and long descriptor may be added.  If the Select option is chosen, 
the available entries may be scrolled using the arrow buttons, or a specific entry searched for 
using the appropriate boxes. 
 
Three kinds of Help are available: General, Context specific, or allowed Ranges of input 
values.  If no individual parameter has the focus of the mouse cursor, selection of Help will 
bring up the general help, which describes the Near Field model inputs in general terms.  If a 
parameter has the focus, the context specific help will describe the use of the particular 
parameter.  For a parameter with the control focus, selection of ranges will provide the lower 
and upper bounds that the GENII interface will allow for that particular parameter value. 
 

4.6.1 Main Control Screen  
 
The main control screen, Figure 4.31, for the GENII acute exposure user interface allows 
the user to make general selections on exposure pathways to include, and to define some 
basic parameters for the exposure analysis.  
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Figure 4.31.  GENII Acute Exposure Module Main Control Screen 
 
The general selections allow inclusion (control box checked) or exclusion of general classes 
of exposure pathways.  

�� Terrestrial food ingestion  
�� Animal product ingestion  
�� Aquatic food ingestion  
�� Recreational surface water exposures  
�� The debug option flag should not be used (checked) by the average user as large 

output files may be generated.  
The parameters entered on the control screen are for description of the timing of the 
exposure scenario and other parameters that are general in nature to the overall analysis.  
 
Duration of exposure is the time period over which the individual is exposed. It is measured 
from time zero.  A minimum value of 1 year should be provided, and the value should be in 
increments of 1 year. The analysis will provide results (to the exposure media intermediate 
file, EPF extension) for each year in the duration of exposure. A longer exposure duration 
will result in a larger output file.  
 
End of release period is the elapsed time measured from time zero to the end of the release 
from air or surface water. Exposures may be evaluated beyond this time period for exposure 
to residual activity.  
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The duration of acute exposure is the time over which the air or surface water is 
contaminated at the current exposure location.  This value is used to integrate the water 
concentration data in determining the average water concentration for the acute exposure 
peirod.  The value may be different from the total period of contamination in the surface 
water input file if only part of the data is to be used.  
 
Other parameters on the control screen are as follows.  
 
Absolute humidity is used in the special tritium models for food pathways.  
 
Fraction of plant roots in surface soil is used in the food crop and animal feed analyses and 
represent the fraction of plant roots that are in the contaminated soil layer. The uptake by 
plants is assumed to be proportional to this fraction.  
 
Average daily rain rate is used to estimate the interception fraction from rain when wet 
deposition rates are provided in the atmospheric transport output file (ATO), and the user 
has selected the option to allow the code to calculate the wet deposition interception 
fraction.  
 

4.6.2  Water - General Screen  
 
This screen, very similar to the Chronic Exposure/Water screen shown in Figure 4.29, is 
accessible when a surface water source is connected to the exposure location glyph. On this 
screen the user makes selections related to waterborne exposure pathways.  
 
The aquatic foods from salt water selection box is activated ("x" in box) if the surface water 
body is salt water. This causes the calculation of aquatic foods to use bioaccumulation 
factors representative of marine environments. Otherwise, fresh water factors are used.  
 
The treatment plant purification factor selection box is activated ("x" in box) if reduction of 
water concentration is to be included for a water treatment plant, prior to domestic use. If 
selected, the water concentration for domestic pathways is reduced by the water purification 
factors from the GENII transport factor data file.  
 
The residential irrigation selection box is activated ("x" in box) if a home lawn is represented 
in the exposure analysis. Parameters related to residential irrigation are used to estimate the 
soil concentration that individuals are exposed to from irrigation of the land upon which 
outdoor time is spent.  
 
The source of residential irrigation is selected using the pull-down list. The options available 
depend on the waterborne sources connected to the exposure glyph.  
 
The irrigation rate for residential land is the irrigation water application rate to residential 
land.  
 
The irrigation time for residential land is the total time that irrigation occurs on residential 
land during a year.  
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The source of domestic water is selected from the pull-down list. The options available 
depend on the waterborne sources connected to the exposure glyph.  
 
The volatilization factor for radon and the volatilization factor for radionuclides must be 
provided when the exposure pathway of indoor inhalation from water use is included. These 
factors are used to relate the domestic water concentration to the indoor air concentration of 
radionuclides present in the water.  
 
The delay time in water distribution system is used to account for radioactive decay in transit 
from the water exposure point to the usage point for domestic water (e.g., travel time from 
water treatment plant to faucet).  
 
The shoreline sediment density is used to convert the radionuclide transfer per unit area to 
sediment concentration per unit mass. The sediment density is expressed as mass of 
sediment per unit area of shoreline and should be based on the layer of sediment in which 
the contamination is mixed.  
 
4.6.2.1 Water - Animal Water Screen  
 
This screen contains parameters for the animal drinking water route. Values are provided for 
the four animal products: beef, poultry, milk, and eggs.  
 
The contaminated fraction of water for each animal type represents the fraction of the 
animal's water that is from the contaminated waterborne source.  
 
The intake rate of water for each animal type is the total water ingestion rate for the animal.  
   
4.6.2.2 Water - Irrigation Sources Screen  
 
This screen allows the user to define the source of irrigation (none, surface water, or aquifer) 
for each food crop and animal feed crop. The options available depend on the waterborne 
sources connected to the exposure glyph. In order to have access to these parameters, the 
appropriate selection flags on the control screen must be set properly ("x" in box).  
 
4.6.2.3 Water - Irrigation Rates Screen  
 
This screen allows the user to define the irrigation rate for each food crop and animal 
product crop. In order to have access to these parameters, the appropriate selection flags on 
the Control screen must be set properly ("x" in box).  
   
4.6.2.4 Water - Irrigation Times Screen  
 
This screen allows the user to define the irrigation time for each food crop and animal 
product crop. This is the time period that irrigation occurs during a typical year. In order to 
have access to these parameters, the appropriate selection flags on the Control screen must 
be set properly ("x" in box).  
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4.6.3  Soil Tab 
 
The soil tab has several subscreens. 
 
4.6.3.1 Soil - Leaching Screen  
 
The type of leach rate constant option allows selection of the method for specifying the soil 
loss rate constant for the leaching model. The rate constant may be defined in three ways: 
use of values in the GENII transport factor data file, calculation of rate constants from user 
supplied parameters, or input of rate constants (for each radionuclide). The method is 
selected from the pull-down list. When use of the GENII transport factor data file is 
selected, no additional input is needed for this screen.  
 
User supplied parameters for calculation of the leach rate constant are as follows. Numerical 
values and correct units must be entered for each parameter when the rate constant 
calculation option is selected.  
 
 Surface soil thickness is the average thickness of the surface soil for use in estimation of the 
leach rate constant. If the surface soil is agricultural land, the thickness should be set to 
represent the plow layer.  
 
Surface soil bulk density representative of the surface soil layer at the exposure location.  
 
Surface soil moisture content is the volume fraction of the soil that is moisture.  
 
Total infiltration rate may be evaluated as the total annual precipitation + irrigation rate - 
evapotranspiration rate.  
 
Surface absorption coefficient (Kd) for a radionuclide is set representative of conditions for 
the surface soil layer. A value must be entered for each radionuclide in the inventory. The 
radionuclide is selected from the pull-down list under the title "Parent soil absorption 
coefficient". If the selected parent radionuclide has any progeny, then a list of progeny will 
appear to the right of the parent data input boxes. Absorption coefficients should be entered 
for each progeny (if any) in the list for each parent.  
 
When soil leach rate constants are to be entered by the user, the values are entered for each 
radionuclide parent and progeny. The radionuclide is selected from the pull-down list under 
the title "Parent soil leach rate constant". If the selected parent radionuclide has any progeny, 
then a list of progeny will appear to the right of the parent data input boxes. Leach rate 
constants should be entered for each progeny (if any) in the list for each parent.  
   
4.6.3.2 Soil - Resuspension Screen  
 
The type of model to run selects the model to use to evaluate air concentration from 
calculated soil concentrations.  Four options are available: none (no resuspended 
contamination), use mass loading model, use Anspaugh model, and user input of 
resuspension factor.  
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The mass loading factor for resuspension model parameter is entered when the mass loading 
option is selected. This parameter is the airborne particulate concentration at the exposure 
location.  
 
The depth of topsoil available for resuspension parameter is entered when the Anspaugh 
model is selected. This parameter represents the thickness of soil in which the deposited 
activity has been mixed.  
 
The resuspension factor is entered when that option has been selected. The value provided 
is used for all radionuclides in the analysis.  
   
4.6.3.3 Soil - Surface Soil Screen  
 
This screen allows input of parameters describing the surface soil layer. These parameters are 
related.  
 
The surface soil areal density is used to convert concentrations expressed per unit area to 
concentrations expressed per unit soil mass.  
 
The surface soil layer used for density is the depth of soil used in calculation of the soil areal 
density.  
 
The surface soil density is the soil mass density used to calculate the soil areal density.  
 

4.6.4 Agriculture - General Screen  
 
This screen, similar to that for the Near Field module, Figure 4.26, allows the user to 
describe handling of harvest removal, deposition to plants, resuspension to plant surfaces, 
and loss by weathering from plant surfaces.  
 
The radionuclide removal due to harvesting option allows the user to activate ("x" in box) 
the calculation of soil loss due to harvest removal of each food crop and animal product 
feed.  When activated, the soil concentration is depleted at the end of each year.  The 
amount of loss is calculated from the plant concentration at harvest, the annual plant yield, 
the root penetration factors, and the soil concentrations at harvest.  
 
The user defined dry deposition retention fraction to plants option allows the user to select 
the method for evaluating the dry deposition retention fraction. If this option is activated 
("x" in box), then the user is allowed to enter the dry deposition retention fraction to plants 
(next parameter).  The default is to allow the code to estimate the retention fraction using 
plant biomass.  
 
The dry deposition retention fraction to plants is entered representing the fraction of dry 
deposition activity that is retained on plant surfaces during initial dry deposition from the air.  
 
The user defined wet deposition retention fraction to plants option allows the user to select 
the method for evaluating the wet deposition retention fraction. If this option is activiated 
("x" in box), then the user is allowed to enter the wet deposition retention fraction to plants 
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(next parameter).  If this is not selected, the code will estimate the retention fraction using 
plant biomass.  
 
The wet deposition retention fraction to plants is entered representing the fraction of wet 
deposition activity that is retained on plant surfaces during initial wet deposition from air.  
 
The resuspension factor from soil to plant surfaces is used to evaluate the air concentration 
above the plants from resuspension of particulate activity.  
 
The deposition factor from soil to plant surfaces is the interception fraction used to estimate 
the amount of resuspended activity deposited onto plants.  
 
The weathering half life from plants is used to evaluate the weathering loss rate constant for 
loss of activity between deposition (wet or dry) and harvest.  
 
4.6.4.1 Agriculture - Animal Feed - Biomass Screen  
 
The standing biomass for each animal feed type is the total above-ground plant mass (wet 
weight) used to estimate soil losses from harvest removal.  
 
4.6.4.2 Agriculture - Animal Feed - Consumption Screen  
 
The feed consumption rate for each animal feed is entered.  The value for each feed type 
represents the amount of feed of this type that the animal consumes.  These values are 
multiplied by the contaminated fraction to determine the total intake of contaminated feed 
of each feed type.  
 
4.6.4.3 Agriculture - Animal Feed - Storage Time Screen  
 
The storage time between harvest and feeding to the animal is used to evaluated radioactive 
decay during the storage period.  
 
4.6.4.4 Agriculture - Animal Feed - Contaminated Fraction Screen  
 
The contaminated fraction of feed for each animal type is the fraction of the feed type fed to 
the animal that is contaminated.  This fraction is multiplied by the feed consumption rate to 
determine the total contaminated intake of each feed type.  
 
4.6.4.5 Agriculture - Animal Feed - Growing Period Screen  
 
The growing period for each animal type defines the deposition period for irrigation and 
atmospheric deposition to plants.  
 
4.6.4.6 Agriculture - Animal Feed - Yield Screen  
 
The yield of each animal feed type gives the total annual production of edible feed crops per 
unit area of farmland.  This value is used in the Harvest Removal calculations.  
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4.6.4.7 Agriculture - Animal Feed - Dry/wet Ratio Screen  
 
The dry/wet ratio for each animal feed type is used to convert between dry and wet weight 
bases.  
 
4.6.4.8 Agriculture - Animal Feed - Translocation Factor Screen  
 
The translocation factor for each animal feed type is the fraction of activity reaching the 
plant surface that is transferred to the edible part of the plant.  
 
4.6.4.9 Agriculture - Animal Feed - Acute Forage Screen  
 
This is the only screen unique to the acute animal models.  The acute forage diet fraction for 
beef or milk cows is the fraction of the animals’ diet that is forage at the time the acute 
release occurs.  
 

4.6.5 Food Crops 
 
The Agriculture/Food Crops tab has several sub-screens.  They are parallel in nature to 
those of the Near Field and Chronic modules. 
 
4.6.5.1 Agriculture - Food Crop - Biomass Screen  
 
The standing biomass for each food crop is used to estimate the wet and dry interception 
fractions.  
 
4.6.5.2 Agriculture - Food Crop - Growing Period Screen  
 
The growing period for each food crop defines the deposition/interception  period for 
irrigation and atmospheric deposition to plants.  
 
4.6.5.3 Agriculture - Food Crop - Yield Screen  
 
The yield of each food crop gives the total annual production of edible food crops per unit 
area of farmland.   This value is used in the Harvest Removal calculations.  
 
4.6.5.4 Agriculture - Food Crop - Dry/wet Ratio Screen  
 
The dry/wet ratio for each food crop is used to convert between dry and wet weight bases.  
 
4.6.5.5 Agriculture - Food Crop - Translocation Factor Screen  
 
The translocation factor for each food crop is the fraction of activity reaching the plant 
surface that is transferred to the edible part of the plant.  
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4.6.6 Agriculture - Intake Delays Screen  
 
The intake delay for each food crop, animal product, and aquatic food is the average time 
between harvest and consumption of the food by the exposed individual.  The time period is 
used to account for radioactive decay prior to consumption.  
 

4.6.7 Pathways Screen  
 
The selection of exposure pathways is controlled on this screen, which is similar to those of 
the Near Field and Chronic modules, Figures 4.27 and 4.30.  Each pathway may be selected 
for inclusion in the analysis for the current exposure location.  The following pathways may 
be selected.  
 

Animal product (beef, poultry, milk, eggs) ingestion  
Food crop (leafy vegetables, root vegetables, fruit, grains) ingestion  
Aquatic food (fish, mollusks, crustacea, aquatic plants) ingestion  
Drinking water ingestion  
Inadvertent shower water ingestion  
Inadvertent swimmng water ingestion  
Inadvertent soil ingestion  
Air inhalation from atmospheric transport  
Indoor inhalation of contaminants released from domestic water during showering 
and other uses  
Inhalation of suspended soil from prior air or irrigation deposition  
External exposure from waterborne activity while swimming  
External exposure from waterborne activity while boating  
External exposure from sediment activity while on shoreline  
External exposure from soil activity  
External exposure to airborne activity from atmospheric transport  
 

The external exposure to air may be evaluated using the finite plume model or the semi-
infinite plume model.  When the finite plume model is used, the external dose values are 
read directly from the atmospheric transport file (ATO) and no calculations are performed 
for this pathway in the GENII acute exposure module.  If the finite plume model box is 
checked, then the module expects to read the external dose values from the atmospheric 
transport file.  Otherwise, the dose is to be based on the air concentration.  
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4.7 Using the GENII Receptor Intake Module 
 
This user interface allows the user to specify the number of age groups to be considered, and 
parameters necessary to estimate the intake or exposure to radionuclides.  The single screen 
for this user interface has three divisions:  1) number of age groups (upper left), 2) age group 
and exposure pathway selection (lower left), and 3) parameter value entry for the selected age 
group and exposure pathway (right).  
 
The various GENII or other FRAMES-compatible exposure modules may be used to supply 
information to the GENII receptor intake model.  The General Info model selection 
window (accessed by LEFT clicking on the exposure icon) has two parameters that interact 
between the expsoure models and the GENII receptor intake model.  These are the Easting 
Coordinate and the Northing Coordinate for the GENII exposure model (see Figure 3.3).  
These coordinates are used to describe the location of the location of interest relative to the 
center of the grid of available environmental concentration data.  If the defaults of (0,0) 
Easting and Northing are used, it is assumed that ALL points on the environmental grid are 
desired.  If any other pair of values is used, the GENII model will determine the CLOSEST 
environmental grid point, and use the values appropriate to that location. 
 
The File menu item allows input data to be saved, or existing data to be reviewed and 
retained unchanged.  The Defaults menu item allows the user to reset all parameters to one 
of two sets of preselected values, for convenience labeled as Maximum Individual and 
Average Individual.  If the defaults are selected, any changes made earlier will be overwritten. 
Note that the defaults are NOT age-specific, and are provided only for reference adults.  
This is because GENII cannot know beforehand how many, and of what structure, the age 
groups selected will be.  Nearly all non-control parameters have the ability to associate a 
reference.  These references are intended to help document the selection of parameters and 
allow traceability of assumptions.  To associate a reference with a data entry, place the focus 
(click the cursor in the box) on the parameter of interest, click on the Reference menu item, 
and select either Add or Select.  A window like that shown in Figure 4.6 will appear.  If the 
Add option was selected, a blank entry will appear allowing text entry of a new reference.  
The entries are free formatted, so any short and long descriptor may be added.  If the Select 
option is chosen, the available entries may be scrolled using the arrow buttons, or a specific 
entry searched for using the appropriate boxes. 
 
Three kinds of Help are available: General, Context specific, or allowed Ranges of input 
values.  If no individual parameter has the focus of the mouse cursor, selection of Help will 
bring up the general help, which describes the Near Field model inputs in general terms.  If a 
parameter has the focus, the context specific help will describe the use of the particular 
parameter.  For a parameter with the control focus, selection of ranges will provide the lower 
and upper bounds that the GENII interface will allow for that particular parameter value. 
 

4.7.1  Initial Entries 
 
Some initial selections must be made to define the nature of the analysis desired before any 
of the other parameters will become available. 
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Figure 4.32.  GENII Intake Module Screen 
  
4.7.1.1 Number of Age Groups  
 
The number of age groups is set to the number of age groups to be evaluated in the current 
intake assessment.  Most parameters to be provided are a function of age.  A maximum of 6 
groups can be defined.  
 
4.7.1.2 Age Group and Exposure Pathway Selection  
 
The age group selection pull-down box is used to identify the age group associated with 
input parameters to be entered.  Values for all parameters should be entered for all of the 
number of age groups defined. 
 
The age group lower bound is the youngest age of individuals in the currently selected age 
group.  The minimum value for this parameter is 0 years (birth). 
  
The age group upper bound is the oldest age of individuals in the receptor population group 
for the current intake scenario.  There is a practical upper bound of 100 years; the value 
must be greater than the lower bound selected. 
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The exposure pathway selection pull-down list allows the user to select the exposure 
pathway for which parameters are to be entered.  A specific pathway is selected by clicking 
on the desired pathway, or by scrolling up or down using the arrow keys on the keyboard.  
The parameters are entered in the input area on the right side of the screen.  
 
The right side of the screen is used for parameter value entry.  The parameters displayed for 
entry correspond to the exposure pathway and age group selected.  For the two swimming 
pathways (external and ingestion) all parameters are displayed when either of the pathways is 
selected.  Changing them in one place changes them in the other.   
 

4.7.2  Pathway Parameters 
 
The parameters for each exposure pathway are described below in the order in which the 
pathways appear in the exposure pathway pull-down list.  
 
 
4.7.2.1 External Exposure to Air 
  
Parameters for external exposure to air define the time the individual is exposed to 
contaminated air during a day and the year.  
 
The daily plume immersion exposure time is the average number of hours in a day that the 
individual is exposed during a year.  
 
The yearly plume immersion exposure time is the number of days in a year that the 
individual is exposed to the contaminated airborne plume.  
 
4.7.2.2 External Ground Exposure  
 
Parameters for external ground exposure allow definition of the time the individual is 
exposed to ground during a year, and shielding factors and time fractions for indoor and 
outdoor exposures.  
 
The indoor shielding factor is the fractional reduction applied to the external dose rate factor 
for ground exposure for the time the individual is indoors.  
 
The outdoor shielding factor is the fractional reduction applied to the external dose rate 
factor for ground exposure for the time the individual is outdoors.  
 
The daily external ground exposure time is the total time (per day) that an individual is 
exposed to contaminated ground.  This is an average value over the exposure duration.  
 
The yearly external ground exposure time is the number of days in a year that the individual 
is exposed to contaminated ground.  
 
The fraction of time spent indoors is the average time fraction during a typical day that the 
individual spends indoors.  
 



 57

The fraction of time spent outdoors is the average time fraction during a typical day that the 
individual spends outdoors.  
   
4.7.2.3 External Exposure While Swimming  
 
Parameters for swimming include the frequency of swimming, the duration of each 
swimming event, and the number of days in a year that the individual swims.  Note that 
these three parameter values are also used for the water ingestion while swimming pathway.  
If one of the parameters is changed during entry of values for the other pathway, the value 
for this pathway will also be changed.  
 
The frequency of swimming event is the number of times the individual swims per day on 
the days in which swimming occurs.  
 
The duration of swimming event is the time the individual spends swimming during each 
swimming event.  
 
The swimming days is the number of days in a year that swimming occurs.  On each of these 
days it is assumed that the individual swim the number of times specified by the frequency 
of swimming event and for the duration of swimming event for each of these event.  
   
4.7.2.4 External Exposure While Boating  
 
The shielding factor for boating is the reduction factor to be applied to the external dose rate 
while boating because of shielding by the boat.  This is in addition to the geometry factor of 
0.5.  
 
The frequency of boating event is the number of times a day (during the days in which 
boating occurs) that the individual is involved in a boating event.  
 
The duration of boating event is the length of time the individual is boating during the 
typical boating event.  
 
The boating days are the number of days in a year that the individual is involved in boating.  
During each of these days, the individual is assumed to be involved in the number of events 
given by the frequency of boating events with each event lasting for the duration of boating 
events hours.  
   
4.7.2.5 External Exposure to Shoreline  
  
The frequency of shoreline use is the number of times a day the individual uses the 
shoreline.  
 
The duration of shoreline event is the average time the individual spends on the shoreline 
during one visit to the shoreline.  
 
The shoreline days are the number of days in a year during which the individual visits the 
shoreline exposure location.  
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The shore width factor is a factor for reduction of the external dose rate factor for exposure 
to the shoreline.  The external dose rate factors are based on exposure to an infinite flat 
plane of contamination.  Because most shorelines do not represent an infinite plane, a 
reduction is allowed to address this difference in geometry.  
   
4.7.2.6 Food Crop Ingestion  
 
This screen allows input of consumption rates and periods for each of the four food crops 
pathways (leafy vegetables, root vegetables, fruit, and grain).  The root crops include all 
vegetable crops not considered to be leafy vegetables.  The grain crops represent breads and 
cereals.  
 
The food crop consumption rate is the average amount of food crop consumed in a day for 
those days in which the food crop is eaten by the exposed individual.  
 
The food crop consumption period is the number of days in a year that the food crop is 
consumed at the average rate.  
   
4.7.2.7 Animal Product Ingestion  
 
This screen allows input of consumption rates and periods for each of the four animal 
product food pathways (beef, poultry meat, milk, and eggs).  
 
The animal product consumption rate is the average amount of animal product consumed in 
a day for those days in which the animal product is eaten by the exposed individual.  
 
The animal product consumption period is the number of days in a year that the animal 
product is consumed at the average rate.  
   
4.7.2.8 Aquatic Food Ingestion  
 
This screen allows input of consumption rates and periods for each of the four aquatic food 
product pathways (fish, mollusks, crustacea, and aquatic plants).  
 
The aquatic food product consumption rate is the average amount of aquatic food product 
consumed in a day for those days in which the aquatic food product is eaten by the exposed 
individual.  
 
The aquatic food product consumption period is the number of days in a year that the 
aquatic food product is consumed at the average rate.  
   
4.7.2.9 Drinking Water Ingestion  
 
The drinking water ingestion rate is the average daily consumption rate of water on those 
days that the contaminated water is consumed by the exposed individual.  
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The drinking water ingestion period is the number of days in a year that water is consumed 
at the average rate.  
   
4.7.2.10 Water Ingestion While Swimming  
   
The exposure parameters for this pathway include the three parameters for the external 
exposure while swimming pathway plus the ingestion rate of water while swimming.  The 
three parameters common to all swimming pathways are the frequency of swimming events, 
the duration of swimming event, and the swimming days.  
 
The ingestion rate of water while swimming is the amount of water inadvently swallowed by 
the exposed individual during an hour of swimming.  
 
4.7.2.11 Water Ingestion While Showering  
 
The frequency of showering event is the number of times a day (during the days in which 
showering occurs) that the individual is showers.  
 
The duration of showering event is the length of time the individual is showers during one 
shower.  
 
The showering days is the number of days in a year that the individual showers.  During each 
of these days, the individual is assumed to be involved in the number of events given by the 
frequency of showering events.  
 
The ingestion rate of water while showering is the rate of inadvertent water intake by the 
exposed individual during each hour of showering.  
 
4.7.2.12 Inadvertent Soil Ingestion  
  
The soil contact days is the number of days in a year that the exposed individual contacts 
soil.  
 
The inadvertent soil ingestion rate is the average daily rate of ingestion of soil on the days in 
which soil is contacted.  
   
4.7.2.13 Air Inhalation  
 
The air inhalation rate is the volume of air inhaled per day on those days in which the 
individual is exposed to contaminated air.  
 
The air inhalation period is the number of days in a year that the individual is exposed to 
contaminated air.  
   
4.7.2.14 Resuspended Soil Inhalation  
 
Suspension of contaminants previously deposited to soil represents a possible pathway for 
inhalation exposure.  The parameters for this pathway include the inhalation rate, inhalation 
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period (days per year) and the fraction of a day that the individual is exposed to the 
resuspended soil.  
 
The resuspended soil inhalation rate is the daily inhalation rate during the exposure period to 
the resuspend contamination. This may be the same as the inhalation rate of air from section 
4.7.2.13 above – only the resuspended portion is considered here. 
 
The resuspended soil inhalation period is the number of days in a year that the individual is 
exposed to resuspended contamination.  
 
The fraction of a day inhalation occurs is the fraction of time in an average day that the 
individual is exposed to the resuspended contamination.  
 
4.7.2.15 Indoor Inhalation  
 
The volatile pollutant inhalation rate is the daily inhalation rate during the exposure period to 
the indoor air contamination. Total hours distributed between indoor and outdoor inhalation 
should not total more than the number of hours in a day. 
 
The volatile pollutant inhalation period is the number of days in a year that the individual is 
exposed to indoor air contamination.  
 
The fraction of a day inhalation occurs is the fraction of time in an average day that the 
individual is exposed to the indoor contamination.  
 
The consider radon and progeny check box is a flag to allow consideration of indoor radon 
progeny at a constant fraction of their decay equilibrium with the radon parent.  If this box 
is checked, the inhalation calculations performed subsequently assume that the radon 
progeny are in a fixed activity ratio determined by the radon equilibrium fraction parameter. 
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4.8 Using the GENII Health Impacts Module 
 
This user interface allows the selection of the type of dose and/or risk calculation to be 
performed, and provides the necessary additional parameters for each.  The GENII Health 
Impacts main screen is illustrated in Figure 4.33. 
 
The GENII or other FRAMES-compatible receptor intake modules may be used to supply 
information to the GENII health impacts model.  The General Info model selection 
window (accessed by LEFT clicking on the exposure icon) has two parameters that interact 
between the receptor intake models and the GENII health impacts model.  These are the 
Easting Coordinate and the Northing Coordinate for the GENII exposure model (see 
Figure 3.3).  These coordinates are used to describe the location of the location of interest 
relative to the center of the grid of individual locations.  If the defaults of (0,0) Easting and 
Northing are used, it is assumed that ALL points on the intake grid are desired.  If any other 
pair of values is used, the GENII model will determine the CLOSEST individual grid point, 
and use the values appropriate to that location. 
 
The File menu item allows input data to be saved, or existing data to be reviewed and 
retained unchanged.  Nearly all non-control parameters have the ability to associate a 
reference.  These references are intended to help document the selection of parameters and 
allow traceability of assumptions.  To associate a reference with a data entry, place the focus 
(click the cursor in the box) on the parameter of interest, click on the Reference menu item, 
and select either Add or Select.  A window like that shown in Figure 4.6 will appear.  If the  
 

 
 

Figure 4.33.  GENII Health Impacts Module Method Selection screen 
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Add option was selected, a blank entry will appear allowing text entry of a new reference.  
The entries are free formatted, so any short and long descriptor may be added.  If the Select 
option is chosen, the available entries may be scrolled using the arrow buttons, or a specific 
entry searched for using the appropriate boxes.  In this module, only one kind of Help is 
available, general help.   
 
4.8.1 Method Selections  
 
Three options are available.  Check the appropriate box for the method desired. 
 
Calculate dose and risk using ICRP-30/48 factors (Federal Guidance Reports 11 and 
12): This option allows calculation of doses and/or risks using DOE-approved methods.  
The radiation dosimetry is based on ICRP Publication 30 (as updated), as provided in 
Federal Guidance Reports 11 and 12 or DOE compilations DOE/EH-0070 and DOE/EH-
0071.  
 
Selection of this option activates a "Method Parameters" tab, Figure 4.43.  Options for 
calculating radiation dose, fatal cancers, or cancer incidence are available.  Select one or 
more.  The cancer calculations are performed using effective doses and a dose-to-risk 
conversion factor.  Defaults are provided for each, and the allowable range (in the 
appropriate units) will scroll across the bottom of the screen.  
 
 

 
 

Figure 4.34.  Dose and Risk Method Parameters screen 
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Two additional parameters related to the estimation of external dose rates are also required.  
These should be set with the values used in preceding modules.  
 
Calculate dose and/or risk using ICRP-60 and EPA risk factors:  This option allows 
calculation of doses and/or risks using EPA-approved methods.  The radiation dosimetry is 
based on ICRP Publication 60, as provided in Federal Guidance Reports 12 and 13.  
 
Selection of this option activates a "Method Parameters" tab, similar to that for the ICRP-30 
methods, Figure 4.34.  Options for calculating radiation dose, fatal cancers, or cancer 
incidence are available.  Select one or more.  The cancer calculations are performed using the 
Federal Guidance Report 13 factors – the dose-to-risk conversions may be ignored, as 
indicated by the scrolling message.  Two additional parameters related to the estimation of 
external dose rates are also required.  These should be set with the values used in preceding 
modules.  
 
Selection of this option also activates a "Constituent Parameters" tab Figure 4.35.  All fields 
under this tab must be filled in.  Each radionuclide in the case will be displayed using the 
advance arrows; for each select the appropriate values of inhalation class desired.  
 
Calculate risk using EPA slope factors:  This option allows calculation of radiation risk 
using EPA HEAST slope factors.  No additional method or parameter information is 
required.  
 

 
 

Figure 4.35. Constituent Parameters tab 
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4.9 Using Specialized Output Processors 
 
FRAMES provides a number of viewers for examining intermediate and final output data.  
For each icon, these are invoked using a RIGHT click of the mouse cursor over the icon.  
This action will bring up a menu on which the lower two options are always View/Print 
User Input and View/Print Module Output.  The View/Print User Input selection 
always results in a screen such as that illustrated in Figure 4.36.  This screen allows the user 
to review the input parameters, as they are stored in the GID file.  It also allows the user to 
review the summary description of the model being used.  Either of the windows displayed 
may also be printed. 
 
Selecting the View/Print Module Output option results in a further selection of two or more 
possible viewers.  All FRAMES modules have the option for a Text View of the 
intermediate data file. Selection of this option opens a window identical to that shown in 
Figure 4.36 for the user input, but with the actual output file available for examination.  This 
provides the most direct and immediate capability for examining the files.  However, in most 
instances, the FRAMES intermediate files can be very large and relatively obtuse for novice 
users.  For this reason, the alternative summary output viewers can often be more useful for 
determining the value of selected parameters. 
 

 
 

Figure 4.36.  Typical View/Print User Input screen 
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For the FRAMES Known Source module, a graphical output viewer option is provided.  
This option will take the output file generated and convert it to a series of EXCEL® tables 
and figures for each constituent radionuclide, such as that shown in Figure 4.37.  Complete 
functionality of this option requires that the user’s computer have Microsoft Office 
programs installed.  Separate entries will be made for each particle size and for gases for 
atmospheric releases.  Similar tables and figures can be made for surface water release 
histories. 
 
For the atmospheric transport modules, a different graphical viewer is available.  This is an 
adaptation of the commercially-available program Gnuplot.  This viewer currently only 
works with outputs that are structured as a radial grid; therefore with GENII it only works 
for the acute and chronic plume models, not the puff models.  Invoking this viewer first 
opens a screen shown in Figure 4.38, which provides Gnuplot with some minimal starting 
parameters for the graph.  Running the viewer will generate a series of three-dimensional 
plots of air concentration and deposition for each radionuclide in the input inventory.  An 
example of such a plot has been presented as Figure 4.8. 
 
Figure 4.38 is and example of the graphical option for the exposure and receptor intake 
modules.  This viewer allows the user to select location, time period, radionuclide, and 
environmental pathway and displays the intermediate parameter of interest, either 
concentration or quantity taken in. 
 

 
 

Figure 4.37.  Source term graphical viewer output 
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Figure 4.38.  Atmospheric output viewer input screen 
 
 

 
 
 
Figure 4.39. Graphical viewer screen for exposure and receptor intake modules 
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The View/Print Model Output option for the Health Impacts module provides a large 
number of specialized viewers.  Some are similar to that shown in Figure 4.39, and others are 
more specialized.  The user is encouraged to experiment with these viewers to find one that 
is most useful for his or her purpose.  One output formatter has been specifically written for 
GENII output – the NESHAPS Viewer for GENII.  This viewer is intended for use with 
problems involving chronic atmospheric releases.  Invoking this viewer opens a DOS-based 
input screen shown in Figure 4.40.  The input screen may be used to structure the output file 
that is generated to provide selected kinds of information.  The FRAMES structure is such 
that doses and risks to individuals of varying location, age, diet, and behavior may all be 
calculated in a single run.  This utility will summarize the results for all age groups and 
locations by total dose and risk, dose and risk by exposure pathway, and dose and risk by 
radionuclide.  If the user has a file structured in a way that matches the atmospheric 
dispersion grid used and the population structure defined, it may be accessed at this time to 
provide population summaries of the same nature.  If the population file is not available, the 
code simply provides individual summaries.  The user is prompted to put in a population 
file; if none is available or if only individual results are desired, a simple enter response will 
allow the code to continue.  The NESHAPS summary may also include the atmospheric 
transport intermediate results from the FRAMES ATO file if desired; a simple yes, no, or enter 
response is required.  Depending on the number of radionuclides, the number of nodes on 
the atmospheric grid, the number of age groups, and the amount of physical memory 
installed on the user’s computer, the elapsed time for the summarization step can range from 
seconds to several minutes.  The code occasionally prints status information before 
relinquishing control to a standard Windows text viewer. 
 

 
 
 

Figure 4.40.  GENII NESHAPS Viewer input screen 
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The GENII NESHAPS viewer prepares an output file that is given the name of the 
FRAMES GID file (the current case name) with the extension .EPA.  This file may be 
viewed or printed from any word processor or text viewer.  A sample output file is provided 
with the GENII distribution files. It will typically look like the example shown in Figure 
4.41.  Data are summarized for each time period, for each grid point, and for each age group.  
The maximally exposed individual location is indicated. 
 

 
 

Figure 4.41.  Example of a portion of the GENII NESHAPS summary output file. 
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5. SENSITIVITY/UNCERTAINTY ANALYSIS 
 

FRAMES is currently designed for deterministic environmental and human health impact 
models. The Sensitivity/Uncertainty Multimedia Modeling Module (SUM3) software product 
was designed to allow statistical analysis using the existing deterministic models available in 
FRAMES.  SUM3 is an available option under the Sensitivity/Uncertainty Module in 
FRAMES.  SUM3 randomly samples input variables and preserves the associated output 
values in an external file available to the user for evaluation.  This enables the user to 
calculate deterministic values with variable inputs, producing a statistical distribution of 
results.  A typical application of the uncertainty analysis is to indicate the relative 
conservatism of the deterministic result.   
 
Within FRAMES, SUM3 allows the user to conduct a sensitivity and/or uncertainty analysis 
to understand the influence and importance of the variability/uncertainty input parameters 
on contaminant flux, concentration, and human-health impacts.  The sensitivity analysis can 
identify the key parameters that dominate the overall uncertainty.  Statistical methods used in 
SUM3 are based on Monte Carlo sampling using Latin Hypercube random numbers.  The 
file contains cumulative distribution function (CDF) data and can be graphically displayed 
through the FRAMES Viewer option.  
 
5.1 Using the SUM3 Module 
 
There are four steps to starting the S/U Module:  before using the S/U Module, connecting 
the S/U Module, choosing the SUM3 model and opening the SUM3 user interface.   
 
Before using the S/U Module: 

��First set up the deterministic FRAMES analysis, entering a value for each parameter 
requested.   

��Run the deterministic model to ensure there are not errors in the base case. 

��There should be green lights on all module icons prior to running the S/U Module.  
 
Connecting the S/U Module: 

��Drop a single S/U Module icon onto the FRAMES conceptual model screen by double 
clicking on the sensitivity icon on the left side of the window.  The S/U Module Icon is 
a bell curve on a green background (see, for instance, Figure 3.1 or 5.1).   

��Using the right-click and drag feature of FRAMES, connect the S/U Module icon to 
each deterministic module icon containing an input variable of interest.  Note the 
connection path starts at the deterministic module icon and goes to the S/U Module 
icon. Figure 5.1 is an example a GENII conceptual model created for an atmospheric 
transport and exposure case.  In this example the source term icon and the chronic 
exposure icon have been connected to the S/U module icon, thereby allowing all input 
and outputs produced by those modules to be available for selection in the SUM3 user 
interface. 
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Figure 5.1.  Attaching the SUM3 icon to an existing analysis 
 

 
 
Choosing the SUM3 Model: 

��Left Click on the S/U Module icon and choose the General Info option.    

��From the General Info screen choose the Sensitivity/Uncertainty module.  The 
available statistical models are listed in the left column, and a description and contact 
information for the highlighted model is displayed in the right column.  

��Give the S/U Module icon a Label 

��Click the OK button 
 
Opening the SUM3 Model User Interface: 

��Shift click on the S/U Module icon and choose the ‘User Input’ option.  This starts the 
SUM3 user interface. 

��From the SUM3 User Interface, users are able to: 

��select variables of interest 

��choose a distribution for variables of interest  

��enter correlation information to describe dependencies between variables  
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��enter an equation to describe dependencies between two or more variables. 

��select output values of interest. 
 
Figure 5.2 illustrates the initial user interface for SUM3, the Variables input tab.  There are 
three main tabs in the SUM3 user interface: Variables, Parameters, and Outputs. The 
Variables tab allows the user to select variables of interest.  The Parameters tab allows the 
user to describe and relate variables through distributions, correlation, and equations.  The 
Outputs tab allows the user to select the output values of interest.   The following sections 
describe each tab and it’s use in more detail.   
 
5.2 Selecting Variables 
 
The Variables tab enables the user to specify the stochastic parameters that are to be 
randomly sampled and varied.  A variable list is provided for the user with the description 
that is consistent with the descriptions given in the deterministic module’s input screen.  
This list of variables is derived from all possible stochastic parameters found in all 
deterministic modules connected to the S/U Module icon.  The description provides the 
user with the variable name and the associated module name (both the module name given 
by the user and the FRAMES icon name are displayed).  Figure 5.2 demonstrates a portion 
of the listing of stochastic parameters from the Known Source module and the GENII 
chronic exposure module that have been connected to the S/U Module icon.  A scroll bar is 
provided on the far right of the listing to enable the user to move through the list when it is 
longer than the length.  
 
 
 

 
 

Figure 5.2.  SUM3 Variables input tab 
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Adding an Alias: 
In order to reduce this list to just those parameters the user wishes to vary, the user is asked 
to provide a unique alias for each parameter of interest.  A parameter of interest may be one 
that is given a distribution, correlation, or used in an equation to describe another parameter 
of interest.  To add an alias, click on the white entry box to the right of the word “Alias.”  
The alias should be one word and is limited to eight (8) digits, capitalization is preserved but 
is not used to distinguish between aliases, the underscore symbol ( _ ) is not allowed. After 
typing the alias, click the Add button to enter the alias into the variable list.   The variable 
description list will display the alias to the far left with a line ( | ) separating the alias from 
the description. This alias will be used to create a selection list for distributions, correlation, 
and equations.    
 
Changing an Alias: 
To change an alias, the user must first delete the old alias then add in the new alias.  
Following the instructions given for deleting an alias the user should remove the alias from 
all distributions and equations before selecting the alias to be deleted from the variables 
screen.  A warning will appear if any correlation or equation dependencies exist. To add the 
new alias follow the guidance given for adding an alias. 
 
Deleting an Alias: 
To delete an alias the alias must first be removed from all parameter dependencies.  The user 
must first delete any correlation and/or equation where the alias has been assigned.  A 
Delete button is provided in the variables tab to remove the variable from the alias selection 
list.   A warning will appear if any correlation or equation dependencies exist.   By removing 
the alias from the variable list, the variable will no longer be available for distributions, 
correlation, or equations.  This allows the user to reduce an alias listing to only those 
currently of interest.   
 
5.3 Entering Distributions for Selected Parameters 
 
The Parameters Tab enables the user to describe the variables of interest.  There are three 
options for describing the variables statistically.  Figure 4.1 demonstrates the Parameters Tab 
and the three sub-tabs options found within it, distribution, correlation, and equation.  There 
are several combinations of these options to aid the user in describing the variables of 
interest.  Some combinations available to the user are:  
��giving the variable a statistical distribution only,  
��giving the variable a statistical distribution and correlating it to another variable,  
��giving the variable a statistical distribution and using it in an equation to describe another 

variable, and  
��using an equation to describe the variable.   
 
To assign a distribution to a variable the user must first have assigned the variable an alias. 
The distributions available in SUM3 are: Uniform, Log Uniform, Normal, and Log Normal 
(additional distribution types are planned for future versions of SUM3). Figure 5.3 shows the 
dropdown menu of distribution types available in SUM3. The listing of available variable 
aliases, with their default units, is given in a selection listing on the far-left side of the screen.  
The variable description for the highlighted alias is given at the top of the screen. The user  
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Figure 5.3.  SUM3 Parameters Tab for selecting distribution parameters 
 
will be given the option to select preferred units for the distribution input parameters after a 
specific distribution is selected.  SUM3 will convert all units to the default units before 
initiating the simulation. 
 
In order to assign a distribution to an alias, the user must highlight the alias. Then click the 
arrow in to the far left of the ‘Type’ box located on the distribution tab.  This will bring 
down a selection list.  The user can select the distribution type by highlighting and clicking 
on it.  The user will be given the opportunity to enter the statistical input necessary for the 
selected distribution.  When the distribution parameters are entered they are preserved 
specifically for that alias and distribution type. 
 
Uniform: For the uniform distribution all values between the minimum value and maximum 
value are equally likely to be sampled.  Figure 4.5 is a view of the input screen for a Uniform 
Distribution, where the Upper bound and Lower bound are entered in linear space.  The 
system requires that the upper bound be larger than the lower bound.  Clicking to the right 
of the units box will activate a selection listing of units.  The user can select the units for the 
upper and lower bounds.  Note that the user should be careful to adjust both upper and 
lower bounds to the appropriate units to ensure consistency.  
 
Log Uniform: The Log Uniform distribution is like the Uniform Distribution in that all 
values between the lower bound and upper bound are equally as likely to be selected.  The 
additional feature of the Log Uniform distribution is the ability to sample the data in Log 
space or E space.  The Upper bound and Lower bound, however, are entered in the linear 
space.  This screen is similar to the uniform screen, with the addition of the Log Base 
selection option at the bottom of the tab screen.   
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Figure 5.4.  SUM3 Uniform Distribution parameter entry screen 
 
 
Normal: The Normal distribution is the most used distribution in probability theory 
because it describes many natural phenomena and is useful in describing uncertain variables. 
This distribution is often described as the bell curve. There are several assumptions common 
to a normal distribution.  First, that there is a mean, (i.e. some value of the variable is the 
most likely).  Second, the value is symmetrical about the mean, and the uncertain variable 
could as likely be above the means as it could be below the mean. And finally, the uncertain 
variable is more likely to be in the vicinity of the mean than far away (i.e. 68% of the values 
are within 1 standard deviation from the mean).  SUM3 allows the distribution to be 
truncated.  The bounds, mean, and standard deviation are entered on the Normal input 
screen. 
 
Log Normal:  The Log Normal distribution is widely used when most of the values occur 
near the minimum value, or are positively skewed.  The mean and standard deviation for the 
Log Normal distribution should be calculated in log space.  There are some assumptions 
common to a normal distribution.   The variable cannot go below zero and the natural 
Logarithm of the variable is a normal distribution.  SUM3 allows truncation of the 
distribution.  The input screen for the Log Normal distribution accepts the required upper 
bound, lower bound, mean, standard deviation, and Log Base.  The upper and lower bounds 
are expected in the linear space.  The Mean and Standard Deviation are expected in the Log 
space. There are two choices for Base available: Base 10 and Base E.  To choose the Base, 
click the arrow to the right of the Log Base box.  A selection listing will be displayed.  Select 
the Base for the distribution 
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5.4 Correlating Variables 
 
A correlation option is available in SUM3 to account for dependencies (correlation) between 
two parameters.  The correlation of two variables allows the user to ensure the preservation 
of a relationship between the variables.  The correlation parameter is a ratio of one variable 
to the other.  Therefore the correlation parameter can range from –1 to +1. A correlation of 
–1 represents a strong negative correlation, meaning one variable increases while the second 
variable decreases.  A correlation of +1 represents a strong positive correlation, meaning one 
variable increases while the second variable increases. Likewise a correlation of 0 implies no 
correlation between the variables.  Figure 4.13 illustrates the input screen for variable 
correlation.   
 
To assign a correlation, highlight the first alias to be correlated from the alias listing on left 
of the screen.  Then click the arrow on the alias box on the correlation tab.  Select the 
second variable from the drop down listing.  Enter a correlation value in the space provided 
and click the add button.  The second variable alias and associated correlation will be 
displayed in the Current Correlation box on the left.  A correlation from variable A to 
variable B will automatically be entered as a correlation between variable B to variable A.  
This means, if a variable sequence A->B->C is assigned by the user, then the correlation A-
>B, B->C, B->A,  and C->B are all assigned, however, the correlation A->C I s not.  
 
To delete a correlation, highlight the first alias to be correlated from the alias listing on the 
left of the screen. Then click the arrow on the alias box on the correlation tab.  Select the 
second variable from the drop down listing.  Confirm that the correlation to be deleted 
appears in the Current Correlation box to the left and click the Delete button. 
 

 
 

Figure 5.5. SUM correlation input screen 
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5.5 Assigning an Equation 
 
An Equation feature has been added to SUM3 to enable a user to relate two or more 
variables.  To assign an equation to a variable the user must first have assigned the variable, 
and all variables used in the equation, an alias (to learn how to assign an alias go to Section 
3.0 Selecting Sampling of Interest).  This equation option allows the user to represent a 
variable as a function of other variables. This feature is convent for equations relating several 
variables to a single variable.  All independent variables will be sampled, then the dependent 
variable will be calculated. 
 
To add an equation, first resolve the equation by solving for one variable in terms of the 
others.  Highlight the dependent variable to be represented by the equation from the alias 
listing on left of the screen.  Then enter the equation, the right side only, in the box labeled 
“Enter an equation.”  Be sure that the equation has been resolved to match the units 
displayed next to the dependent alias.  The equation can contain most arithmetic operators 
(e.g. -  +  /  *  exp ).  Click the Add button. 
 

To edit an equation, highlight the dependent variable represented by the equation 
from the alias listing on left of the screen.  Then edit the equation in the box labeled “Enter 
an equation.”  Note that the current equation will be displayed in the “Current Equation” 
box.  Be sure that the equation has been resolved to match the units displayed next to the 
dependent alias.  Click the Add button. 
 

 

 
 

Figure 5.6.  SUM3 Equation assignment screen 
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5.6  Selecting the outputs to monitor 
 
The Output tab enables the user to specify the results to be preserved from the simulation.  
An output list is provided for the user with descriptions describing what the results are and 
what module it is output from.  This list of outputs is derived from all possible results 
produced from all media connected to the S/U icon.  The description provides the user with 
the output name and the module it is from (both the module name given by the user and the 
FRAMES icon name are displayed).  Figure 5.7 demonstrates a portion of the listing of 
outputs from the input and output modules that have been connected to the S/U Module 
icon.   A scroll bar is provided on the far right of the listing to enable the user to move 
through the list when it is larger than the window length.  
 
The user is asked to provide a unique alias for each output of interest. To add an alias, 
click on the white entry box to the right of the word “Alias”.   The alias should be one 
word and is limited to eight (8) digits, capitalization is preserved but is not used to 
distinguish between aliases, the underscore symbol ( _ ) is not allowed. After typing the 
alias, click the Add button to enter the alias into the variable list.  The output list will 
display the alias to the far left with a line ( | ) separating the alias from the description. 
The Add/Change button has been provided to allow a user to change an existing alias.  
First select the output to be changed.  The existing alias will appear in the alias box.  
Enter the new alias, and click the Add/Change button.  The variable list will be updated 
with the new alias. 
 
A Delete button is provided to eliminate outputs from the alias list for distributions.  By 
removing the alias from the output list, the output will no longer be preserved 
 
 

 
Figure 5.7.  SUM3 Outputs tab 
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It is important to remember that only those outputs expected from the modules connected 
to the S/U module will be listed in this screen (i.e. the user needs to be connected to the 
surface water icon if interested in waterborne concentration results from that media).  In 
addition to the alias information, the output screen also provides the user with the option to 
select the seed value to be used in the random sampling algorithm, thereby allowing the user 
to reproduce an analysis if necessary.  The number of iterations (realizations) to be run is 
selected in on this tab also.  The number of iterations is the number of sampling runs the 
user would like to make.  The maximum number of iterations for a single simulation is 500. 
 
When all variable distributions, correlation, equations, and outputs have been selected and 
entered, the SUM3 model user interface can be closed. 
 
Closing SUM3 Module: To close the SUM3module user interface, click the file menu and 
choose the save & exit option.  Choosing the Exit only option will not save any data changes 
made since the last time the users choose the exit & save option. This will return the user to 
the FRAMES interface.   
 
Running the S/U Module: To run the S/U Module, shift click the S/U Icon and select 
Run.  A DOS screen that appears to indicate the Latin Hypercube sampling tool has been 
activated and completed successfully.  While running, the SUM3 model a status screen will 
appear, and the desired programs will be run.   
 
5.7 Examining Results 
 
Results from a sensitivity/uncertainty analysis can be used to derive confidence limits and 
intervals to provide a quantitative statement about the effect of varying a parameter on the 
model prediction.  The sampled variables along with their associated outputs of interest are 
stored in a file.  This data is stored in a comma separated format and can is stored in a file 
named “runname”.SUF.  Where “runname” is the filename given to the FRAMES case 
analysis.  Figure 5.8 illustrates an example SUF file with notations identifying key 
information. 

Module
icon name

Number of
Modules

Number of
Headers

Model
name

Number of
outputs of

interest

Number of
input

variables

Aliases

Number of
realizations

Alias
descriptions

Sampled
input

values

Calculated
output
values

sen11 23
2

Sensitivity/Uncertainty Module for FRAMES
Beta Test version

6 1
PorVad3 Soil total porosity from vad3
HVad3 Thick of vadose zone from vad3
BdVad3 Soil bulk density from vad3
KsVad8 Soil hydraulic conductivity from vad8
HVad8 Thick of vadose zone from vad8
SrKdVad8 Soil equilibrium coefficient, STRONTIUM-90 from vad8
PFluxSr8 Water contaminant flux peak from vad8 for STRONTIUM-90

10
realization PorVad3 HVad3 BdVad3 KsVad8 HVad8 SrKdVad8 PFluxSr8 peak time PFluxSr8

1 0.527132 2.05E+02 1.25E+00 4.59E+02 25.3 1.89832 733.0999756 0.02647
2 0.523698 2.15E+02 1.26E+00 4.22E+02 14.55 2.54001 778.7000122 0.007442
3 0.540792 2.08E+02 1.22E+00 5.92E+02 21.75 1.60784 724.5 0.03227
4 0.531585 2.14E+02 1.24E+00 6.61E+02 16.02 1.38078 780.4000244 0.01351
5 0.535472 2.11E+02 1.23E+00 5.62E+02 19.22 1.65516 734.7000122 0.02
6 0.529359 2.12E+02 1.25E+00 5.43E+02 17.86 1.43606 738.2000122 0.01427
7 0.538189 2.16E+02 1.22E+00 4.87E+02 14.09 1.73389 744.5999756 0.01358
8 0.522038 2.18E+02 1.27E+00 6.56E+02 11.86 1.49371 801.0999756 0.005563
9 0.532566 2.10E+02 1.24E+00 6.26E+02 19.51 1.88519 739.5999756 0.01854

10 0.537019 2.20E+02 1.23E+00 5.17E+02 10.29 2.17862 764.9000244 0.007279

 
Figure 5.8.  Example SUF file with key information highlighted. 
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The SUM3 results may be viewed using the Print/View Model Output command, the SUF 
Graphical View options.  Either the cumulative or complementary cumulative distribution 
functions of all sampled and output variables are provided via an export to Excel®.    An 
example cumulative distribution created with FRAMES is illustrated in Figure 5.9. 
 
 

 
 
Figure 5.9.  Example SUM3 output from a GENII run demonstrating the cumulative 

distribution of estimated radiation dose. 
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6. Example Problem 
 
As an example of the use of GENII V.2, the sample problem of Chaki and Parks (2000) for 
the CAP-88 PC code is replicated.  This sample demonstrates the use of the GENII V.2 
chronic plume model and its’ ancillary joint frequency adaptation utility. 
 
The sample of Chaki and Parks (2000) is for an example site in Ohio, using the STAR-
formatted joint frequency file for Erie, Pennsylvania.  This site has 6 co-located emission 
points of varying characteristics.  One of the 6 emission points has a much smaller release 
than the others, so because GENII V.2 only handles 5 release points, this one is combined 
with one of the others in this example (Chaki and Parks source 4 is combined with their 
source 5).  The source information for the example is summarized in Table 6.1.  All 
radionuclides are assumed to be 1 micron AMAD particles, inhalation Class Y.  The ambient 
temperature is assumed to average 10 celsius.  No nearby buildings contribute to building 
wake effects. 
 
Other parameters of importance to the example are described in the following sections to 
illustrate how they are entered into the GENII V.2 screens. 
 
The basic conceptual model for this case is illustrated in Figure 6.1.  Five sources are feeding 
the GENII chronic, annual average Gaussian plume atmospheric transport model.  (This 
model is preferred because the available data for this location exist in the form of a STAR 
file, not hourly data.)  The resulting concentrations and deposition rates of the released 
radionuclides are used in the GENII chronic exposure module to estimate accumulation in 
the soil, farm products, and other media to which people could be exposed.  Individual 
exposures to these contaminated media are modeled with the GENII receptor intake 
module.  The GENII health impacts module is used to estimate the radiation doses and risks 
to the people living around the release point.  Multiple uses of this last module will be 
demonstrated. 
 
Input of the source data is illustrated in Figure 6.2 for Source 1.  It can be seen from this 
figure that the data in Table 1 are entered in the appropriate locations.  One-micron 
particulates have been selected using the Flux Types button.  The data for sources 2 
through 4 are entered in similar fashion in the other icons. 
 

Table 6.1.  Sample Problem Release Data Summary 
 

 Source 1 Source 2 Source 3 Source 4 Source 5 
Area (m2) 0.13 0.17 0.26 0.05 0.13 
Height (m) 15.24 15.24 15.24 7.62 10.0 
Exit velocity (m/s) 13.5 9.25 19.54 7.94 15.04 
Release (Ci/year)      
U-234 2.4E-4 3.2E-4 3.2E-9 9.6E-13 2.7E-8 
U-325 1.7E-6 2.3E-6 8.0E-7 5.5E-6 3.4E-5 
U-236 0 0 0 0 1.8E-6 
U-238 2.4E-4 3.2E-4 4.0E-4 7.6E-4 3.6E-3 
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Figure 6.1.  The GENII V.2 Conceptual Site Model for the Example Problem 
 
 
 

 
 

Figure 6.2.  Entry of the source term data for Source 1 
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Figure 6.3 shows the definition of the radial grid used to match the Chaki and Parks (200) 
distances and directions.  The Chaki and Parks example uses 12 distances, only 10 are 
available in GENII V.2 so the most important 10 close ones are selected.  On the Model 
Parameters tab, the dispersion coefficients for the EPA ISC model are selected as being the 
most compatible with the CAP-88 capabilities.  No changes are made on the Default 
Parameters tab. 
 

 
 

Figure 6.3.  Defining the radial atmospheric transport grid 
 
A Stability Array data set is available for Erie, Pennsylvania from the GENII library.  The 
data in this file, which is called ERI0610.TXT, are shown in Table 6.2.  This file contains 
data for stability classes A-F, 6 standard wind speed groups (the 6 columns), for 16 
directions.  This data is converted to quasi-hourly information starting with the Use Joint 
Frequency Data File button on the Meteorological Files tab.   
 
Table 6.2.  Joint frequency of occurrence of meteorological conditions for Erie, PA 
 

0.00001 0.00017 0 0 0 0 
0 0 0 0 0 0 
0 0.00003 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0.00003 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0.00003 0 0 0 0 

0.00001 0.00014 0 0 0 0 
0 0.00007 0 0 0 0 
0 0.00003 0 0 0 0 

0.00022 0.00192 0.00349 0 0 0 
0.00002 0.00051 0.00048 0 0 0 
0.00008 0.00034 0.00024 0 0 0 
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0.00005 0.00024 0.0001 0 0 0 
0.00011 0.00021 0.00021 0 0 0 
0.00015 0.00017 0.00007 0 0 0 
0.00019 0.00031 0.00003 0 0 0 
0.00005 0.00024 0.0001 0 0 0 
0.00048 0.00045 0.00055 0 0 0 
0.00026 0.00021 0.00031 0 0 0 
0.00005 0.00038 0.00027 0 0 0 
0.00002 0.00048 0.00041 0 0 0 
0.00013 0.00048 0.00147 0 0 0 
0.00016 0.00137 0.00202 0 0 0 
0.00014 0.00168 0.00301 0 0 0 
0.00016 0.00226 0.00356 0 0 0 
0.00011 0.00137 0.00781 0.00134 0 0 
0.00005 0.00072 0.00305 0.00113 0.00007 0 
0.00009 0.00075 0.00315 0.00137 0.00024 0 
0.00016 0.00065 0.00171 0.0001 0 0 
0.00009 0.00065 0.00089 0.00003 0 0 
0.00001 0.00034 0.00075 0.00003 0 0 
0.00005 0.00051 0.00093 0.00014 0 0 
0.00005 0.00062 0.00161 0.0001 0 0 
0.00037 0.00322 0.00675 0.00082 0.00014 0.00007 
0.00007 0.0011 0.00315 0.00051 0.00017 0.00003 
0.00005 0.00065 0.00243 0.00072 0.00014 0 
0.00005 0.00051 0.00377 0.00069 0.00014 0.00003 
0.00005 0.00055 0.00839 0.00353 0.00062 0 
0.00009 0.00075 0.0075 0.00219 0.00014 0 
0.00008 0.00182 0.00497 0.00048 0 0 
0.00007 0.00116 0.00541 0.00038 0 0 
0.00052 0.005 0.01288 0.01072 0.00175 0.00014 
0.00033 0.0026 0.00737 0.00911 0.0013 0.00017 
0.00059 0.00356 0.01172 0.01552 0.00339 0.00062 
0.00039 0.00387 0.01199 0.00939 0.00185 0.00027 
0.00076 0.00404 0.00675 0.00171 0.00007 0 
0.00054 0.00243 0.00322 0.0012 0.00007 0 
0.00046 0.00216 0.00428 0.00408 0.00171 0.00086 
0.00061 0.00233 0.01055 0.01823 0.01052 0.00349 
0.00141 0.01113 0.03751 0.05509 0.02021 0.00329 
0.00057 0.00531 0.01778 0.02998 0.01247 0.00192 
0.00061 0.00545 0.01425 0.02398 0.00747 0.0011 
0.00037 0.00408 0.01692 0.02402 0.00915 0.00182 
0.00046 0.00459 0.02011 0.03936 0.01559 0.00288 
0.00041 0.00349 0.01209 0.02323 0.00894 0.00151 
0.00035 0.00295 0.00942 0.01206 0.00356 0.00038 

0.0004 0.00332 0.00863 0.0097 0.00236 0.00027 
0 0.00127 0.00168 0 0 0 
0 0.00089 0.00116 0 0 0 
0 0.00223 0.0023 0 0 0 
0 0.00274 0.00291 0 0 0 
0 0.00356 0.00158 0 0 0 
0 0.00281 0.00072 0 0 0 
0 0.00212 0.00099 0 0 0 
0 0.00278 0.00428 0 0 0 
0 0.01199 0.02052 0 0 0 
0 0.00377 0.0062 0 0 0 
0 0.00298 0.00401 0 0 0 
0 0.00247 0.00343 0 0 0 
0 0.0014 0.00301 0 0 0 
0 0.00089 0.00096 0 0 0 
0 0.00116 0.00089 0 0 0 
0 0.00096 0.00161 0 0 0 

0.00062 0.00123 0 0 0 0 
0.00033 0.00106 0 0 0 0 
0.00037 0.0014 0 0 0 0 
0.00075 0.00257 0 0 0 0 
0.00186 0.00418 0 0 0 0 
0.00188 0.00288 0 0 0 0 
0.00164 0.00278 0 0 0 0 
0.00209 0.00418 0 0 0 0 
0.00804 0.02741 0 0 0 0 

0.0017 0.00815 0 0 0 0 
0.00099 0.00271 0 0 0 0 
0.00082 0.0025 0 0 0 0 
0.00036 0.00127 0 0 0 0 
0.00052 0.00106 0 0 0 0 
0.00041 0.00069 0 0 0 0 
0.00037 0.00099 0 0 0 0 
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The data processor screen appears as shown in Figure 6.4.  This screen indicates that the 
information put into it will be retained in a file named JFDPROC.INP.  The data are coming 
from the file ERI0610.TXT, and the quasi-hourly information generated will be stored in the 
meteorological data file eriePA.met.  Basic descriptive data for the Erie site are entered on 
the Station Information tab at the bottom of the window. 
 

 
 

Figure 6.4.  Joint frequency data processor window for example problem 
 
The supplementary information for the JFD file is entered on the Joint Frequency Info tab 
illustrated in Figure 6.5.  The wind speeds entered are the standard midpoints of the normal 
STAR ranges: 
 

Wind Speed Range (knots) Range Mid-point  (m/s) 
1 - 3 0.9 
4 – 6 2.6 
7 – 10 4.7 
11 – 16 7.2 
17 – 21 9.8 

>21 12.7 
 
The monthly temperature extremes may be obtained from climatic records.  (Those entered 
here are user-defined approximations.)  The ability to handle precipitation as a series of 
discrete events is one of the strengths of GENII V.2.  Joint Frequency of wind data do not 
include information on precipitation, thus it is necessary to approximate the inputs.  This is 
done on the Precipitation tab, using a surrogate location.  Because it is nearby and on the 
lake, Buffalo, NY has been selected for this example problem.  This is input using the drop-
down box on the Precipitation tab, as illustrated in Figure 6.6.  A large number of 
representative cities are included in the GENII V.2 database. 
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Figure 6.5.  Joint Frequency Info tab for example problem 
 

 
 

Figure 6.6.  Precipitation tab for the example problem 
 

 
The joint frequency data and associated information are converted to quasi-hourly data by 
using the Process Joint Frequency Distribution button.  When the processing is completed, 
the eriePA.met file is entered on the Meteorological Files tab. 



 7

For the sample problem, all 5 sources have simple plume rise selected with the check boxes 
on the Source Information tab as well. 
 
The chronic atmospheric transport user interface is closed, saving the data, and the model is 
run, producing a table of annual average concentrations in air of each radionuclide, and its 
decay progeny. 
 
The CAP-88 code is used to estimate a conservative upper bound on doses from continuous 
releases.  In order to do this, an interesting modeling assumption is made:  The release 
continues for 100 years, allowing contamination to accumulate in the environment.  The 
dose to an exposed individual is estimated for the 100th year of the release.  (This is the 
parameter TSUBB in the CAP-88 manual.)  In order to simulate an equivalent condition 
with GENII, a continuous air deposition is indicated in the Air deposition time prior to 
exposure parameter.  In order to note the source for this parameter, the reference indicator 
has been updated; reference 1 for this problem is now Chaki and Parks (2000), as illustrated 
in Figure 6.8. 
 
GENII V.2 has a greater variety of exposure pathways available than CAP-88.  Those most 
closely resembling the CAP-88 pathways are selected for the example problem as illustrated 
in Figure 6.9.  One other key parameter changed in GENII is the surface soil areal density 
on the Soil/Surface Soil tab; it is set to 215 kg/m2.  Also, on the Agriculture/General tab, 
the crop weathering time is set to 10 days.  No other GENII Chronic Exposure defaults are 
revised for this example. 
 
 

 
 

Figure 6.7.  GENII Chronic Exposure Module Control screen, illustrating time line 
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Figure 6.8.  Input screen for references 
 
 

 
 

Figure 6.9.  Exposure pathways selected for the example problem 
 

 
The GENII Receptor Intakes module is next accessed.  One age group – adults – is used to 
match the CAP-88 limitation.  The parameters adjusted to match the CAP-88 values in this 
module include the consumption rates of leafy vegetables, other vegetables, meat, and milk.  
The air inhalation rate is reduced to match.  The other pathways, because they were not 
turned on in the GENII Chronic Exposure module, have no effect.  The values used for 
each pathway are: 
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Parameter CAP-88 GENII V.2 
Leafy Vegetable Intake 18 kg/yr 0.049 kg/d 
Other Vegetable Intake 176 kg/yr 0.482 kg/d 
Meat Intake 85 kg/yr 0.233 kg/d 
Milk Intake 112 L/yr 0.307 L/d 
Breathing Rate 9.167E5 cm3/hr 22 m3/day 

 
 
Finally, the GENII Health Impacts module is used to calculate dose and risk to the 
individuals around the example source point.  To match CAP-88, the ICRP-30 (Federal 
Guidance Reports 11 and 12) conversion factors are used.  The GENII NESHAPS 
summary generator is used to create an output file to compare with the CAP-88 results of 
Chaki and Parks (2000).  A population distribution file is needed to complete the 
comparison; a file with equivalent information to that input to CAP-88 is illustrated in Table 
6.3.  A GENII population file must match the format of the atmospheric model output 
generated.  In this case, the atmospheric model created a grid of 16 directions and 10 
distances.  A block of population data is needed for each age group.  Since only one age 
group was used, a population file of dimensions 10 by 16 is sufficient.  The major difference 
between a GENII population file and an equivalent CAP-88 file is that GENII directions 
begin at NNE and continue clockwise around the compass while CAP-88 files begin at N 
and go counter-clockwise.  Thus, a CAP-88 population file must be inverted before being 
used with GENII. 
 
 

 
 

Figure 6.10.  Example problem food crop ingestion input.  Only Leaf vegetables and Root 
vegetables (equivalent to CAP-88 Produce) are used 
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Table 6.3.  Population file for example calculation 
 

0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 0 0 55 0 0 14641 6332 5986 13324
0 0 0 780 89 793 265 1693 5397 1338
0 0 0 851 0 125 3161 827 3252 3712
0 0 0 0 0 974 1388 2021 3148 5123
0 0 101 0 0 0 984 1792 3659 3759
0 0 0 0 2002 534 8224 2252 2388 5752
0 0 0 4350 4630 3024 3059 3396 3128 6847
0 0 0 0 2435 1688 3376 3448 7591 6999
0 0 421 810 293 1108 779 15354 8786 48943
0 0 0 2435 3302 183 380 0 0 0
0 0 0 2218 0 0 0 0 0 0
0 0 1987 0 0 0 0 0 0 0
0 6 0 113 0 0 0 0 0 0
0 0 0 1043 0 0 0 0 0 0

 
Exhibit 6.1 

GENII VERSION 2 
NESHAPS SUMMARY REPORT FOR CASE: c:\frames\ash5a                                                                            
 
THE HEALTH IMPACTS FILE FOR THIS CASE CONTAINS INFORMATION ON: 
            1 AGE GROUP(S) 
            4 RADIONUCLIDES (COUNTING DECAY PROGENY SEPARATELY IN CHAINS) 
            1 ORGAN(S)/TISSUE(S) FOR RADIATION DOSE 
            1 POTENTIAL CANCER SITES, AND 
            1 EXPOSURE PERIOD(S). 
 
POPULATION DATA FROM FILE ashtapop.csv                                                                                                                     
 
TIME PERIOD NUMBER  1, CORRESPONDING TO TIME 99.0 YEARS 
MAXIMUM POINT = 151 
INDIVIDUAL AGE RANGE     0 TO   70 YEARS 
MAXIMUM EXPOSED INDIVIDUAL LOCATION 
ORGAN         MAX. DOSE (Sv)   TISSUE     CANCER INCIDENCE   CANCER FATALITIES 
total body      1.75E-05       all sites     1.05E-06          8.74E-07 
 
TIME PERIOD NUMBER  1, CORRESPONDING TO TIME 99.0 YEARS 
INDIVIDUAL AGE RANGE  0 TO 70 YEARS 
 
INDIVIDUAL EFFECTIVE DOSE BY DISTANCE AND DIRECTION (SV) 
           310.0     810.0    1500.0    2500.0    3500.0    7500.0   15000.0   25000.0   35000.0   45000.0 
   22.5  8.93E-06  3.07E-06  1.21E-06  5.39E-07  3.54E-06  8.24E-08  2.30E-08  8.68E-09  4.56E-09  2.83E-09 
   45.0  7.09E-06  2.48E-06  9.81E-07  4.35E-07  2.71E-06  6.59E-08  1.83E-08  6.97E-09  3.70E-09  2.31E-09 
   67.5  7.40E-06  2.54E-06  9.93E-07  4.43E-07  2.82E-06  6.67E-08  1.85E-08  6.89E-09  3.61E-09  2.27E-09 
   90.0  1.06E-05  3.53E-06  1.38E-06  6.17E-07  4.57E-06  9.23E-08  2.57E-08  9.52E-09  4.97E-09  3.08E-09 
  112.5  6.42E-06  2.17E-06  8.58E-07  3.85E-07  2.70E-06  5.73E-08  1.60E-08  5.96E-09  3.11E-09  1.93E-09 
  135.0  3.93E-06  1.38E-06  5.53E-07  2.49E-07  1.38E-06  3.60E-08  1.00E-08  3.78E-09  2.01E-09  1.27E-09 
  157.5  3.50E-06  1.25E-06  5.04E-07  2.30E-07  1.10E-06  3.28E-08  9.15E-09  3.51E-09  1.87E-09  1.18E-09 
  180.0  4.55E-06  1.67E-06  6.75E-07  3.04E-07  1.21E-06  4.30E-08  1.19E-08  4.58E-09  2.47E-09  1.58E-09 
  202.5  2.95E-06  1.06E-06  4.19E-07  1.88E-07  9.74E-07  2.77E-08  7.70E-09  2.93E-09  1.56E-09  9.82E-10 
  225.0  4.91E-06  1.73E-06  6.87E-07  3.06E-07  1.71E-06  4.58E-08  1.28E-08  4.84E-09  2.57E-09  1.61E-09 
  247.5  4.04E-06  1.47E-06  5.89E-07  2.60E-07  1.07E-06  3.86E-08  1.07E-08  4.08E-09  2.18E-09  1.39E-09 
  270.0  2.28E-06  9.42E-07  3.85E-07  1.73E-07  2.65E-07  2.61E-08  7.62E-09  3.06E-09  1.66E-09  1.04E-09 
  292.5  1.32E-06  5.52E-07  2.29E-07  1.04E-07  1.74E-07  1.61E-08  4.81E-09  1.94E-09  1.04E-09  6.43E-10 
  315.0  1.96E-06  7.40E-07  3.00E-07  1.34E-07  5.38E-07  2.09E-08  6.05E-09  2.37E-09  1.26E-09  7.75E-10 
  337.5  5.83E-06  1.97E-06  7.80E-07  3.48E-07  2.36E-06  5.46E-08  1.55E-08  5.83E-09  3.01E-09  1.85E-09 
  360.0  1.75E-05  6.16E-06  2.46E-06  1.10E-06  6.45E-06  1.69E-07  4.74E-08  1.79E-08  9.41E-09  5.86E-09 
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Exhibits 6.1 and 6.2 are portions of the GENII NESHAPS output file that are comparable 
with the CAP-88 results presented in Chaki and Parks (2000).  The CAP-88 determined 
location inhabited by an individual is 310 m ENE of the release point; at that point, CAP-88 
determined the annual radiation dose to be 0.75 mrem, dominated by inhalation of U-238.  
For that same location, GENII V.2 indicates a dose of 0.74 mrem (7.40E-6 Sv in Exhibit 
6.1), dominated by inhalation of U-238.  The CAP-88 estimate of total population dose is 
1.35 person-rem; the GENII V.2 estimate is 1.86 person-rem (1.86E-2 Person-Sv in Exhibit 
6.2).  The GENII population estimate is slightly higher, because the population for the 4500 
meter distant ring in CAP-88 was compressed into the 3500 meter ring for GENII to make 
the population file match.  A more exact correspondence of the population geometries 
would lead to an even better match in the doses. 
 

Exhibit 6.2 
 
TIME PERIOD NUMBER  1, CORRESPONDING TO TIME 99.0 YEARS 
POPULATION AGE RANGE     0   70 YEARS 
ORGAN       DOSE (PERSON-SV)   TISSUE     CANCER INCIDENCE   CANCER FATALITIES 
total body      1.86E-02       all sites     1.12E-03          9.32E-04 
 
TIME PERIOD NUMBER  1, CORRESPONDING TO TIME 99.0 YEARS 
POPULATION GROUP AGE RANGE  0 TO 70 YEARS 
 
POPULATION EFFECTIVE DOSE BY DISTANCE AND DIRECTION (PERSON-SV) 
           310.0     810.0    1500.0    2500.0    3500.0    7500.0   15000.0   25000.0   35000.0   45000.0 
   22.5  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
   45.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
   67.5  7.40E-06  0.00E+00  0.00E+00  2.43E-05  0.00E+00  0.00E+00  2.70E-04  4.37E-05  2.16E-05  3.02E-05 
   90.0  0.00E+00  0.00E+00  0.00E+00  4.82E-04  4.07E-04  7.32E-05  6.81E-06  1.61E-05  2.68E-05  4.12E-06 
  112.5  0.00E+00  0.00E+00  0.00E+00  3.28E-04  0.00E+00  7.16E-06  5.05E-05  4.93E-06  1.01E-05  7.17E-06 
  135.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  3.51E-05  1.39E-05  7.65E-06  6.33E-06  6.49E-06 
  157.5  0.00E+00  0.00E+00  5.09E-05  0.00E+00  0.00E+00  0.00E+00  9.01E-06  6.30E-06  6.84E-06  4.45E-06 
  180.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  2.43E-03  2.30E-05  9.80E-05  1.03E-05  5.90E-06  9.06E-06 
  202.5  0.00E+00  0.00E+00  0.00E+00  8.19E-04  4.51E-03  8.36E-05  2.36E-05  9.96E-06  4.88E-06  6.73E-06 
  225.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  4.16E-03  7.73E-05  4.33E-05  1.67E-05  1.95E-05  1.13E-05 
  247.5  0.00E+00  0.00E+00  2.48E-04  2.11E-04  3.14E-04  4.27E-05  8.30E-06  6.27E-05  1.92E-05  6.80E-05 
  270.0  0.00E+00  0.00E+00  0.00E+00  4.20E-04  8.74E-04  4.78E-06  2.89E-06  0.00E+00  0.00E+00  0.00E+00 
  292.5  0.00E+00  0.00E+00  0.00E+00  2.30E-04  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
  315.0  0.00E+00  0.00E+00  5.95E-04  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
  337.5  0.00E+00  1.18E-05  0.00E+00  3.93E-05  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

360.0 0.00E+00  0.00E+00  0.00E+00  1.15E-03  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
 
An interesting comparison is the difference between the GENII V.2 dose and risk results 
calculated using the ICRP-30 methods with the same inputs used to calculate dose and risk 
results with the ICRP-60 (Federal Guidance Report 13) methods.  This requires one 
additional type of input, illustrated in Figure 6.11.  The lung inhalation clearance class (Fast, 
Medium, or Slow) must be selected for each radionuclide and all their progeny.  The ICRP 
Class Y materials are represented by the newer ICRP “Slow” clearance class. 
 
If the calculations are rerun, the equivalent doses and risks are estimated and tabulated using 
the GENII NESHAPS viewer.  The results are tabulated as Exhibits 6.3 and 6.4.  It can be 
seen that the results are approximately one-fourth as large as with the older dose conversion 
factors.  This differenced is entirely due to changes in the dose conversion factors between 
the earlier and later ICRP and FGR 13 compilations. 
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Figure 6.11.  Input of Lung inhalation class for FGR 13 methods 
 

Exhibit 6.3. 
GENII VERSION 2 
NESHAPS SUMMARY REPORT FOR CASE: c:\frames\ash5a                                                                            
 
THE HEALTH IMPACTS FILE FOR THIS CASE CONTAINS INFORMATION ON: 
            1 AGE GROUP(S) 
            4 RADIONUCLIDES (COUNTING DECAY PROGENY SEPARATELY IN CHAINS) 
           24 ORGAN(S)/TISSUE(S) FOR RADIATION DOSE 
           15 POTENTIAL CANCER SITES, AND 
            1 EXPOSURE PERIOD(S). 
 
POPULATION DATA FROM FILE ashtapop.csv                                                                                                                     
 
TIME PERIOD NUMBER  1, CORRESPONDING TO TIME 99.0 YEARS 
MAXIMUM POINT = 151 
INDIVIDUAL AGE RANGE     0 TO   70 YEARS 
 
MAXIMUM EXPOSED INDIVIDUAL LOCATION 
ORGAN         MAX. DOSE (Sv)   TISSUE     CANCER INCIDENCE   CANCER FATALITIES 
Adrenals        1.00E-06       Esophagus     3.96E-09          3.53E-09 
Bld Wall        1.05E-06       Stomach       1.56E-08          1.38E-08 
B Surface       1.75E-05       Colon         8.93E-08          5.32E-08 
Brain           1.02E-06       Liver         8.29E-09          7.53E-09 
Breasts         1.19E-06       Lung          3.47E-07          3.29E-07 
Esophagus       9.75E-07       Bone          3.80E-09          2.98E-09 
St Wall         1.07E-06       Skin          1.06E-07          1.06E-07 
SI Wall         1.09E-06       Breast        4.12E-08          2.09E-08 
ULI Wall        1.46E-06       Ovary         6.78E-09          4.83E-09 
LLI Wall        2.31E-06       Bladder       1.76E-08          9.49E-09 
Kidneys         6.35E-06       Kidneys       7.95E-09          6.29E-09 
Liver           2.68E-06       Thyroid       1.20E-08          1.77E-09 
Lungs           3.33E-05       Leukemia      1.97E-08          1.94E-08 
Muscle          1.16E-06       Residual      7.35E-08          5.22E-08 
Ovaries         1.01E-06       Total         7.52E-07          6.31E-07 
Pancreas        9.94E-07 
R Marrow        2.22E-06 
Skin            1.61E-04 
Spleen          1.05E-06 
Testes          1.18E-06 
Thymus          1.04E-06 
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Thyroid         1.09E-06 
Uterus          1.01E-06 
Effective       7.03E-06 
 
TIME PERIOD NUMBER  1, CORRESPONDING TO TIME 99.0 YEARS 
INDIVIDUAL AGE RANGE  0 TO 70 YEARS 
 
INDIVIDUAL EFFECTIVE DOSE BY DISTANCE AND DIRECTION (SV) 
           310.0     810.0    1500.0    2500.0    3500.0    7500.0   15000.0   25000.0   35000.0   45000.0 
   22.5  3.57E-06  1.23E-06  5.16E-07  2.45E-07  3.38E-06  4.10E-08  1.14E-08  3.98E-09  1.94E-09  1.14E-09 
   45.0  2.85E-06  9.97E-07  4.17E-07  1.97E-07  2.57E-06  3.25E-08  8.92E-09  3.12E-09  1.53E-09  9.04E-10 
   67.5  2.96E-06  1.02E-06  4.24E-07  2.03E-07  2.69E-06  3.37E-08  9.24E-09  3.20E-09  1.55E-09  9.16E-10 
   90.0  4.20E-06  1.42E-06  5.91E-07  2.89E-07  4.39E-06  4.74E-08  1.33E-08  4.60E-09  2.22E-09  1.29E-09 
  112.5  2.56E-06  8.74E-07  3.74E-07  1.81E-07  2.58E-06  2.89E-08  8.07E-09  2.81E-09  1.36E-09  7.94E-10 
  135.0  1.58E-06  5.55E-07  2.42E-07  1.18E-07  1.31E-06  1.78E-08  4.86E-09  1.69E-09  8.27E-10  4.92E-10 
  157.5  1.42E-06  5.01E-07  2.19E-07  1.09E-07  1.04E-06  1.59E-08  4.31E-09  1.51E-09  7.43E-10  4.46E-10 
  180.0  1.85E-06  6.67E-07  2.95E-07  1.43E-07  1.13E-06  2.06E-08  5.49E-09  1.91E-09  9.53E-10  5.79E-10 
  202.5  1.19E-06  4.23E-07  1.78E-07  8.64E-08  9.18E-07  1.35E-08  3.63E-09  1.26E-09  6.20E-10  3.71E-10 
  225.0  1.97E-06  6.95E-07  2.91E-07  1.39E-07  1.62E-06  2.24E-08  6.11E-09  2.12E-09  1.04E-09  6.18E-10 
  247.5  1.64E-06  5.87E-07  2.47E-07  1.16E-07  9.91E-07  1.85E-08  4.91E-09  1.71E-09  8.48E-10  5.13E-10 
  270.0  9.56E-07  3.72E-07  1.58E-07  7.37E-08  2.09E-07  1.11E-08  2.95E-09  1.08E-09  5.58E-10  3.43E-10 
  292.5  5.54E-07  2.17E-07  9.31E-08  4.36E-08  1.40E-07  6.60E-09  1.80E-09  6.62E-10  3.43E-10  2.08E-10 
  315.0  8.07E-07  2.94E-07  1.24E-07  5.86E-08  4.95E-07  9.44E-09  2.61E-09  9.44E-10  4.72E-10  2.81E-10 
  337.5  2.33E-06  7.93E-07  3.30E-07  1.57E-07  2.25E-06  2.70E-08  7.64E-09  2.70E-09  1.31E-09  7.59E-10 
  360.0  7.03E-06  2.46E-06  1.04E-06  4.93E-07  6.11E-06  8.18E-08  2.26E-08  7.91E-09  3.86E-09  2.28E-09 
 

Exhibit 6.4 
TIME PERIOD NUMBER  1, CORRESPONDING TO TIME 99.0 YEARS 
POPULATION GROUP AGE RANGE  0 TO 70 YEARS 
 
POPULATION EFFECTIVE DOSE BY DISTANCE AND DIRECTION (PERSON-SV) 
           310.0     810.0    1500.0    2500.0    3500.0    7500.0   15000.0   25000.0   35000.0   45000.0 
   22.5  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
   45.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
   67.5  2.96E-06  0.00E+00  0.00E+00  1.12E-05  0.00E+00  0.00E+00  1.35E-04  2.02E-05  9.30E-06  1.22E-05 
   90.0  0.00E+00  0.00E+00  0.00E+00  2.25E-04  3.91E-04  3.76E-05  3.51E-06  7.79E-06  1.20E-05  1.73E-06 
  112.5  0.00E+00  0.00E+00  0.00E+00  1.54E-04  0.00E+00  3.62E-06  2.55E-05  2.33E-06  4.41E-06  2.95E-06 
  135.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  1.74E-05  6.74E-06  3.41E-06  2.60E-06  2.52E-06 
  157.5  0.00E+00  0.00E+00  2.22E-05  0.00E+00  0.00E+00  0.00E+00  4.24E-06  2.70E-06  2.72E-06  1.68E-06 
  180.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  2.25E-03  1.10E-05  4.52E-05  4.31E-06  2.28E-06  3.33E-06 
  202.5  0.00E+00  0.00E+00  0.00E+00  3.76E-04  4.25E-03  4.07E-05  1.11E-05  4.28E-06  1.94E-06  2.54E-06 
  225.0  0.00E+00  0.00E+00  0.00E+00  0.00E+00  3.93E-03  3.78E-05  2.06E-05  7.32E-06  7.90E-06  4.32E-06 
  247.5  0.00E+00  0.00E+00  1.04E-04  9.43E-05  2.90E-04  2.05E-05  3.82E-06  2.62E-05  7.45E-06  2.51E-05 
  270.0  0.00E+00  0.00E+00  0.00E+00  1.80E-04  6.90E-04  2.04E-06  1.12E-06  0.00E+00  0.00E+00  0.00E+00 
  292.5  0.00E+00  0.00E+00  0.00E+00  9.66E-05  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
  315.0  0.00E+00  0.00E+00  2.47E-04  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
  337.5  0.00E+00  4.76E-06  0.00E+00  1.77E-05  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

360.0 0.00E+00  0.00E+00  0.00E+00  5.14E-04  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 
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7. TEMPLATE FILES 
 
The GENII V.2 process for setting up a calculation can be tedious for the first-time user, 
although it rapidly becomes second nature.  To help the beginning or infrequent user, as 
series of “template” files are included with the FRAMES/GENII distribution.  These files 
are blank Conceptual Site Models for selected conditions.  The basic templates provided are 
for routine atmospheric releases from a number of discrete release points.  Thus, templates 
are provided for one, two, three, four, and five sources that continuously release materials 
into the air.  Use of these templates is simple – just open them from the FRAMES 
File/Open menu and save them with a unique filename. 
 
The template files included are listed in Table 7.1.  The blank template for three sources, 
TEMPLT3.GID, is illustrated in Figure 7.1.  The other templates are similar, but with more 
or fewer source modules attached. 
 
Additional templates may be acquired as needed from the GENII code author. 
 

Table 1.  GENII V.2 Template Files available 
 

Template Name Number of Source Modules 
TEMPLT1.GID 1 
TEMPLT2.GID 2 
TEMPLT3.GID 3 
TEMPLT4.GID 4 
TEMPLT5.GID 5 

 

 
 

Figure 7.1.  Example GENII V.2 Blank Template
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APPENDIX A 
Meteorological Processor Technical Basis 

 
The GENII atmospheric models ACUTESRC, CHRONSRC, PUFCHRON, and 
PUFACUTE are a suite of codes to account for the transport, diffusion, deposition, 
depletion, and decay of radionuclides while in the atmosphere.  These calculations are based 
on the use of observed meteorological data.  Observed meteorological data can occur in two 
general forms, hourly meteorological data where the data the meteorological information is 
recorded every hour, and a joint frequency distribution of wind speed, wind direction, and 
atmospheric stability, in which the hourly meteorological data has been summarized.  Two 
programs, HRLYPROC and JJFDPROC, were developed that takes meteorological data 
stored in the hourly (HRLYPROC) or joint frequency distribution (JJFDPROC) and 
manipulates the data into a single format that can be read by the atmospheric models.  The 
rest of this section discusses the input data required by the model, adjustments to the data, 
and calculation of meteorological variables that are not directly measured.   
 
Section A.1 describes the input and output data that can be read by the two programs.  The 
methods used to take the input data and created the output file are described for 
HRLYPROC and JJFDPROC are presented in Sections A.2 and A.3, respectively. 
 
A.1 Input/Output of Meteorological Data 
 
This section describes the type of meteorological data that can used as input into the two 
meteorological processing programs, HRLYPROC and JJFDPROC. Also described is the 
format of the data that is read by the atmospheric models.   
 
A.1.1 Hourly Meteorological Data Input 
 
HRLYPROC can process three types of input data format: 1) CD-144 hourly surface 
observations, 2) hourly surface observations archived in the SAMSON format, and 3) 
precipitation data in the TD-3240 format.  File structures are provided in Appendix A. 
 
CD-144 - The CD-144 format refers to the “Card Deck 144 format” available from the 
National Climatic Data Center (NCDC).  The file is composed of one record per hour, with 
all weather elements reported in an 80-column block.  The format of these records is 
described in the Card Deck 144 WBAN Hourly Surface Observation Reference Manual 
(NOAA 1970), also available from NCDC.  Data in this file includes the year, month, day, 
hour, cloud ceiling height, wind direction, wind speed, dry bulb temperature, and opaque 
cloud cover (see Appendix A).  The following describes the variables found in the CD-144 
format. 
 

�� Year, Month and Day - identifies the year, month and day during which the 
meteorological data were observed. 

�� Hour - identifies the hour of the meteorological data observation.  Hour is based on 
the 24-hour clock and is recorded as 00 through 23.  Times are Local Standard Time 
(LST). 
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�� Ceiling Height - the height of the cloud base above local terrain and is coded in 
hundreds of feet. 

�� Wind Direction - the direction from which the wind is blowing, rounded to the 
nearest 10 degrees.  Calm is given by 00. 

�� Wind Speed - the wind speed measured in knots.  Calm given by 00. 
�� Dry Bulb Temperature - the ambient air temperature measured in whole degrees 

Fahrenheit. 
�� Cloud Cover - There are two cloud cover parameters, opaque cloud cover and total 

cloud cover.  Both parameters identify the amount of cloud covered measured in 
tens of percent, e.g. 0 = clear or less than 10%, 4 = 40 - 49%, “-“ = Overcast of 
100%.  The model uses opaque cloud cover. 

 
SAMSON - NCDC has made available solar and meteorological data form the first 

order stations in the United States for the period 1961 - 1990 on a set of three CD-ROMs, 
referred to as the SAMSON data.  Additional data from 1991 through 1995 are also 
available.  HRLYPROC can processes data retrieved from these CD-ROMs.  It cannot 
access the data directly from the SAMSON CD-ROM, but the user can run the software 
provided with the data to retrieve the station, period of time and variables from the site and 
period to be modeled.  The software is a DOS-based, interactive graphical interface. 
 
Multiple years of data can be extracted for a single station and saved to the same file.  
However, HRLYPROC expects a maximum of one year of data in the data file.  The reason 
for this restriction is explained below. 
 
Retrieving the data from the CD-ROM is completely under the control of the user.  When 
data are retrieved from the CD-ROMs, the user has the option to specify which variables to 
retrieve from a list of 21 variables for each station.  At a minimum, the ceiling height, wind 
direction, wind speed, dry bulb temperature, opaque cloud cover, and present weather must 
be retrieved.  In most cases, the hourly precipitation amount will also be retrieved, but it is 
not required to run HRLYPROC. 
 
When the data are retrieved from the CD-ROM, two records are written at the beginning of 
the file that identify the station (first record) and the variables retrieved (second record).  
HRLYPROC uses both records to obtain information about the station (e.g., latitude and 
longitude) and to determine how to process the data that follows.  There two records begin 
with the title character (~).  If more than one year or data are retrieved from the CD-ROM, 
these two records will appear before each year in the file.  Thus, an error will occur when the 
program reads these second set of header records.   
 
The second header record is used by the model to determine if enough variables have been 
retrieved from the CD-ROM.  If there are insufficient variables retrieved, an error will occur 
during the model execution.  The user should return to the CD-ROM and retrieve the data 
once again to make sure all the necessary variables are retrieved. 
 
Data records follow the header records in the retrieved file.  There is one record for each 
hour of time period selected by the user.  Unlike the CD-144 format which reports the hour 
on the 00 - 23 clock, the hour in the retrieved file is reported on the 01 - 24 hour clock.  
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Hour 24 of a day from the SAMSON data corresponds to hour 00 of the next day for the 
CD-144 data. 
 
Data stored in the SAMSON format are in different units than found in the CD-144 data.  
The output using either format is the same, so the SAMSON and CD-144 data are 
converted to a specific set of units for each meteorological variable. 
 

TD-3240 - Precipitation amounts are available from the NCDC in the TD-3240 
format.  A description of the TD-3240 data is found in NCDC (1990).  These files can be 
used with hourly data in either the CD-144 format or the SAMSON format.  In the case of 
the SAMSON file, hourly precipitation amount may already be included in the file.  The data 
in the TD-3240 file would be used to supplement this data.   
 
The TD-3240 data as received from NCDC are usually in a variable-length format.  In this 
format, precipitation data for the entire day is stored in one record, and only for those hours 
during which precipitation was reported.  A fixed-length format is also available in which 
one record contains the precipitation amount for one hour.  As with the variable-length files, 
data are stored only for those days and hours for which precipitation was reported.  
HRLYPROC can process both types of TD-3240 data.  Precipitation is reported in inches 
and hundredths of an inch in the TD-3240 format.  These units are converted to millimeters 
for use in the atmospheric codes. 
 
A.1.2 Joint Frequency Data Input 
 
The JJFDPROC program processes joint frequency distributions of wind direction, wind 
speed and atmospheric stability (JFD).  Two different formats of JFD are read by the 
JJFDPROC program, the format used by the EPA’s Industrial Source Complex (ISC3) 
model (EPA 1995a) and the format used by the GENII (Napier et al. 1988).   
 
The ISC3 format, also called the STAR summary, is described in EPA(1995a) and is 
summarized here.  The JFD in the STAR format is normally constructed using 16 wind 
direction sectors, with the first 22.5 sector centered on winds from the North (increasing 
clockwise), six wind speed classes, and six stability classes.  Wind speed classes are usually 
grouped as 0-3, 3-6, 6-10, 10-16, 16-21, and greater than 21 knots.  Stability classes are based 
on the Pasquill stability categories (A [very unstable] - F [very stable]).  Thus, the JFD file in 
the ISC3 format normally consists of 96 records.  Each record is for a specific stability class 
and wind direction sector.  Within each record is the frequency for the six wind speed classes 
for the given stability class and wind direction sector.  In a quasi-programming sense, the file 
would be read as follows   
 

Loop On I = 1, Number of Stability Classes (normally 6) 
   Loop On K = 1, Number of Wind Direction Sectors (normally 16) 
READ (JFDFILE,’(6F10.0)’) (FREQ(I,J,K), J = 1 to Wind Speed Classes)    
   End Loop On K 
End Loop on I 

 
where FREQ(I,J,K) = Frequency of stability class I, wind speed class J, and wind direction 

sector K 
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Thus, in a normal STAR summary the first 16 records are for sixteen direction sectors of 
stability class A (or 1), the next 16 are for stability class 2, and so forth.   
 
The user provides the number of wind direction sectors, stability classes, and wind speed 
classes.  So, as long as the JFD follows the above format (records containing the frequency 
by wind speed class; records ordered by wind direction sector then stability class), the 
number of stability classes, wind direction sectors, and wind speed classes can vary. 
 
The GENII format is different from the ISC3 format.  A description of the format is given 
in Napier et al. (1988), and is summarized here.  Unlike the ISC3 format, the GENII format 
contains the percentages (frequency times 100) rather than frequencies of a given stability 
class, wind speed class, and wind direction sector.  The JFD is usually constructed based on 
16 wind direction sectors like the ISC3 format, but a variable number of wind speed class 
and atmospheric stability classes may be used.  Table A.1 shows the format of the GENII 
JFD file. 
 
Table A.1.  Format of Joint Frequency Distribution of Wind Speed, Wind Direction, and 

Atmospheric Stability for GENII. 
 
 
Record 
Number 

 
Field 
Number 

 
Data Type 

 
Field 
Size 

 
Description 

 
1 

 
1 

 
CHARACTER 

 
80 

 
Descriptive Title 

 
2 

 
1 

 
CHARACTER 

 
80 

 
Secondary Title 

 
3 

 
1 

 
INTEGER 

 
5 

 
Number of wind speed classes in file 

 
3 

 
2 

 
INTEGER 

 
5 

 
Number of atmospheric stability classes 

 
3 

 
3 

 
INTEGER 

 
5 

 
(Not Used always set to 1) 

 
3 

 
4 

 
INTEGER 

 
5 

 
(Not Used always set to 1) 

 
3 

 
5 

 
REAL 

 
10 

 
Height at which wind speed data was collected 
(m) 

 
4 

 
1 - 10 

 
REAL 

 
7 

 
Average Wind Speed for each wind speed class 
(m/s) 

 
Joint Frequency Data Set 
 
5 till end 

 
1-16 

 
REAL 

 
5 

 
Percent of time with wind from North, North-
Northeast, Northeast, etc.)  Each record has 
the 16 sectors.  Data are grouped first by 
atmospheric stability class and then by wind 
speed group. 
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The GENII format JFD file has the first four records containing information about the joint 
frequency data set, and the rest of the records are the joint frequency data set.  In the same 
pseudo-programming language, the joint frequency data set would be read as: 
 
LOOP ON I = 1 TO Number of Wind Speed Classes 
    LOOP ON J = 1 TO Number of Stability Classes 
         READ( JFDFILE, ‘(16f5.0)’) (PREC(I,J,K), K = 1 to Number of Direction Sectors) 
    END LOOP ON J 
END LOOP ON I 
 
As with the ISC3 format, the user provides the number of wind speed classes, wind direction 
sectors, and atmospheric stability classes. 
 
A.1.3 Output File 
 
Both HRLYPROC and JJFDPROC create the same type of output file.  The first record of 
the output file contains the surface roughness of the site (see Section A.2.3) and the height 
of the wind measurements.  Following the first record are the records containing the 
meteorological data..  Each record after the first contains the year, month, day and hour of 
the record.  Following the date and time is the stability class, the flow vector (wind direction 
plus 180 degrees, the direction the wind is blowing towards), the wind speed, the dry bulb 
temperature, the mixing height, the precipitation type (e.g, none, light rain, light snow), the 
precipitation rate, and a weighting factor.  The format of the file is given in Appendix A.   
 
For HRLYPROC, the meteorological information is based on the hourly observations found 
in the input files.  The output of HRLYPROC will have one output record for each input 
record that is read in.  The weighting factor for each record from HRLYPROC is always 
one.   
 
For JJFDPROC, the meteorological information in the JFD file does not include date/time 
information.  The JJFDPROC program instead creates pseudo-hourly data where there is 
one record for each wind speed class, wind direction sector, and stability class found in the 
JFD.  In addition, the number of records will expanded based on variation of the 
temperature and precipitation type.  How these variations expand the number of records is 
explained in Sections A.3.5 and A.3.6 for temperature and precipitation, respectively.  The 
output records from JJFDPROC have a weighting factor that is the number of hours with 
the meteorological data contained in the record.  As there is no date/time information, the 
year, month, day, and hour for each record is given as -1. 

 
All four atmospheric model, CHRONSRC, ACUTESRC, PUFCHRON, PUFACUTE, can 
read the output file if it has been produced by the HRLYPROC program.  Only the chronic 
plume model, CHRONSRC, can read an output file produced by the JJFDPROC program. 
 
A.2 Meteorological Processing Methods for HRLYPROC 
 
In this section the methods used to process the hourly meteorological data are discussed.  
These issues include simple data manipulation (e.g. converting data to the correct unit) and 
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methods for computing mixing heights and atmospheric stability.  The HRLYPROC 
program is based on the PC-RAMMET (EPA 1995b) meteorological processing code. 
 
A.2.1 Time of Day 
 
The HRLYPROC program uses the same convention as the PC-RAMMET code (EPA 
1995b) and it is summarized here.  When reading the CD-144 format, HRLYPROC skips 
the first hourly record of the data in the year because the 24-hour period for a year starts 
with the 1-hour period ending at 0100 LST (Local Standard Time) and the observations in 
the CD-144 files begin with the observations reported at 0000 LST.  Sequential reading of 
the remaining data automatically make this adjustment for each succeeding day.  
Meteorological data for the last hour in the year are assumed equal to that for the next to the 
last hour because the data for a day always ends with hour 23.  Data on the SAMSON CD-
ROM begin with hour 1 and end with hour 24, eliminating the need to skip a record.  
However, the last hour of the year may contain missing data and are processed similarly to 
the CD-144 formatted data. 
 
A.2.2 Atmospheric Stability 
 
The HRLYPROC code recognizes the seven stability classes.  The first six categories 
correspond to Pasquill’s (1974) classification (A-F).  The seventh category corresponds to 
the ‘dashes’ in the original classification by Pasquill and indicated a strong, ground-based 
nocturnal temperature inversion with non-definable wind flow.   
 
The stability classes are calculated based on the method proposed by Turner (1964).  The 
method involves basing the stability class on the cloud cover, ceiling height, solar elevation, 
and the wind speed.  During the day, the cloud cover, ceiling height, and solar elevation give 
an estimation of the net radiation that is reaching the ground.  The net radiation index is 
used with the wind speed to determine the stability class.  At night, the cloud cover is used 
to determine the net radiation index.  The following procedure is used to obtain the net 
radiation index. 
 

�� If the cloud cover is 10/10 and the ceiling is less than 7,000 feet, use net radiation 
index equal to 0 (whether day or night) 

�� For night-time (between sunset and sunrise): 
a. If total cloud cover < 4/10, use net radiation index equal to -2 
b. If total cloud cover > 4/10, use net radiation index equal to -1 
c. If precipitation occurring, use net radiation index equal to 0 

�� For daytime: 
a. Determine the net radiation index as a function of solar elevation angle from 

Table A.2. 
b. If total cloud cover > 5/10, modify the net radiation number as follows: 

A. If ceiling height < 7,000 ft subtract 2 (except for 10/10) 
B. If ceiling height �7,000ft but < 16,000 ft, subtract 1 
C. If total cloud cover equal 10/10, subtract 1.  (i.e., if ceiling height is >7,000 and 

< 16,000 ft then would subtract 2; if > 16,000 ft, subtract 1.  If  >7,000 ft, 
already covered by 1). 
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D. If modified net radiation number is less than 1, set equal to 1. 
E. If precipitation, subtract 2 from net radiation index calculated from Table A.1. 
F. If precipitation and net radiation number is less than 0, set equal to 0. 

 
Table A.2. Insolation Class as a Function of Solar Elevation Angle 
 
 
Solar Elevation Angle (a) 

 
Insolation Class 

 
Net Radiation Indexa 

 
0 < a � 15� 

 
Weak 

 
1 

 
15 < a � 35� 

 
Slight 

 
2 

 
35 < a � 60� 

 
Moderate 

 
3 

 
60� < a 

 
Strong 

 
4 

 
 
The stability class is determined using Table A.3 using the corresponding net radiation index 
and the wind speed. 
 
Table A.3. Stability Class as a Function of Wind Speed and Net Radiation Index 
 

 
Net Radiation Index 

 
Wind 
Speed 
(Knots) 

 
4 

 
3 

 
2 

 
1 

 
0 

 
-1 

 
-2 

 
0-1 

 
1 

 
1 

 
2 

 
3 

 
4 

 
6 

 
7 

 
2-3 

 
1 

 
2 

 
2 

 
3 

 
4 

 
6 

 
7 

 
4-5 

 
1 

 
2 

 
3 

 
4 

 
4 

 
5 

 
6 

 
6 

 
2 

 
2 

 
3 

 
4 

 
4 

 
5 

 
6 

 
7 

 
2 

 
2 

 
3 

 
4 

 
4 

 
4 

 
5 

 
8-9 

 
2 

 
3 

 
3 

 
4 

 
4 

 
4 

 
5 

 
10 

 
3 

 
3 

 
4 

 
4 

 
4 

 
4 

 
5 

 
11 

 
3 

 
3 

 
4 

 
4 

 
4 

 
4 

 
4 

 
� 12 

 
3 

 
4 

 
4 

 
4 

 
4 

 
4 

 
4 

 
Solar elevation angle (a) is calculated based on the day of the year, the hour of the day, and 
the latitude of the station where 

 

)]hcos()cos()cos( + )sin( )[sin(sin = ass
-1

�����  
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where  � = local solar elevation angle (deg) 
� = latitude of the station (deg) 
�s = solar declination angle (angle of the sun above the equator)  
ha =  local hour angle of the sun ( = 180 - (h/12)*180 where h is the local hour) 

(deg) 
 
The solar declination angle is calculated by 

 
where �r is the latitude of the Tropic of Cancer (23.5), d is the Julian day, and dr is the Julian 
day for the summer solstice (= 173). 
 

 
The following assumptions are used if the various variables are missing.   
 

�� If the wind speed is missing, the stability class is missing. 
�� If the total sky cover is missing, a total sky cover of 10/10 is assumed. 
�� If the ceiling height is missing, an unlimited ceiling (> 16,000 feet) is assumed. 

 
A.2.3 Surface Winds 
 
The wind direction and wind speed are read in through the input data file by HRLYPROC.  
The user provides the height of the wind measurements and the surface roughness length 
where the measurements took place and where the data is to be applied.  In some cases wind 
data is collected over one type of surface, but where the meteorological data will be applied 
is over a different type of surface.  For example, the wind data may be collected over an area 
with cut grass and relatively small surface roughness, and the data would be applied to area 
which is forested and has a high surface roughness.  The change in surface roughness would 
change the wind speed seen at the measurement height.  Wind direction would be unaffected 
by the change in surface roughness. 
 
To estimate the change in wind speed due to the variation is surface roughness, the diabatic 
wind profile is used.  No attempt is made to model the variation of wind direction with 
height above the ground.  Diabatic profiles account for the effect of surface roughness and 
atmospheric stability on the variation of wind speed with height. 
 
The diabatic profile model is derived from the atmospheric boundary layer similarity theory 
proposed by Monin and Obukhov (1954).  The basic hypothesis of similarity theory is that a 
number of parameters in the atmospheric layer near the ground, including the wind profiles, 
should be universal functions of the friction velocity, a length scale, and the height above 
ground.  The length scale, L, is referred to as the Monin-Obukhov length and the ratio z/L 
is related to atmospheric stability.  When z/L is negative and large (e.g., < -2), the 
atmosphere is extremely unstable (convective).  When z/L is near zero, the atmosphere is 

]
d

d cos[ - = 
r

rs
�

��  
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neutral, and when it is positive and large (e.g., > 1), the atmosphere is extremely stable.  A 
large body of experimental data supports Monin-Obukhov similarity theory. 
 
The diabatic wind profile is  

 
where U(z) = wind speed at height z (m/s) 
 u*  = friction velocity (boundary-layer turbulence scaling velocity) (m/s) 
 k  = von Karman constant, which has a value of about 0.4 (no units) 
 z  = height (m) 
 z0  = measure of local surface roughness (roughness length) (m) 
� 	  = stability correction factor 
 L  = Monin-Obukhov Length (m) 
 
The term 	(z/L) accounts for the effects of stability of the wind profile.  In stable 
atmospheric conditions, 	(z/L) has the form -
z/L, where 
 is a value between 4.7 and 5.2.  
For the program, a value of 5 is used for 
.  In neutral conditions it 	(z/L) is zero, and the 
diabatic profile simplifies to a logarithmic profile. 
 
In unstable air, 	(z/L) is more complicated.  According to Panfosky and Dutton (1984), the 
most common form of 	(z/L) for unstable conditions is based on the work by Businger et 
al. (1971) and Paulson (1970).  It is 

 
where x = (1- 16z/L)1/4.  Equation (3) is used to estimate the friction velocity (u*) from wind 
speed, surface roughness, and the Monin Obukhov Length.  In unstable and neutral 
conditions, the use of Equation (3) is limited to the lowest 100 meters of the atmosphere.  In 
stable conditions, the upper limit of application of Equation (3) is the smaller of 100 meters 
or three times the Monin-Obukhov length.  Skibin and Businger (1985) provide the rationale 
for limiting application of Equation (3) to three times the Monin-Obukhov length in stable 
conditions. 
 
The Monin-Obukhov length is a measure atmospheric stability.  It varies from small negative 
values (a few meters) in extremely unstable atmospheric conditions to negative infinite as the 
atmospheric stability approaches neutral from unstable.  In extremely stable conditions, the 
Monin-Obukhov length is small and positive.  As neutral conditions are approached from 
stable conditions, the Monin-Obukhov length approaches infinity.  Thus, there is a 
discontinuity in the Monin-Obukhov length at neutral.  However, this discontinuity is not a 
problem because the Monin-Obukhov length is found in the denominator of expressions. 
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L
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Golder (1972) provides a means for converting from stability class estimates to Monin-
Obukhov lengths.  Figure 1 derived from Golder (1972, Figure 5) shows the range for 1/L 
as a function of stability classes and surface roughness.  Mid-range values for 1/L from this 
figure are used by the model to estimate 1/L.  
 
The following method is used to estimate the wind speed at the application surface 
roughness.  First, the friction velocity is calculated from the input wind speed, measurement 
height and measurement site surface roughness using Equation (3).  Using the friction 
velocity obtained for the measurement site, the wind speed at the upper height limit (100 
meters or the smaller of 100 meters and three times the Monin-Obukhov for stable 
conditions) is calculated using Equation (3).  A new friction velocity is calculated using the 
wind speed at the upper height limit and the application’s surface roughness again from 
Equation (3).  From the new friction velocity, the wind speed at the measurement height is 
calculated using Equation (3).  This new wind speed is used as output, and the surface 
roughness at the application site along with the wind measurement height are outputted as 
the first record.   

 
A.2.4 Mixing Height 
 
In the layer of the atmosphere next to the earth’s surface, friction caused by surface 
roughness and heating of the surface combine to generate turbulence that efficiently mixes 
material released at or near the surface through the layer.  This layer is referred to as the 
mixing layer.  The top of the mixing layer is marked by a decrease in turbulence brought 
about by stable atmospheric conditions above.  The depth of the mixing layer, also referred 
to as the thickness of the mixing layer, changes with atmospheric conditions.  The mixing 
layer is generally thickest during the day and during periods with high wind speeds, and it is 
thinnest at night during the periods with low wind speeds.  In either case, the mixing layer 
depth tends to increase with surface roughness. 
 
The mixing layer depth is not a variable that is read in by HRLYPROC, but must be 
estimated based on the reported meteorological conditions.  Mixing depths are calculated in 
HRLYPROC using the relationships derived by Zilitinkevich (1972) for stable and neutral 
conditions.  For stable atmospheric conditions, his relationship is 

 
where H = mixing-layer depth (m) 

k = von Karman constant (dimensionless, 0.4) 
u* = friction velocity (m/s) 
L = Monin-Obukhov Length (m) 
f = Coriolis parameter ( = 1.46 x 10-5 sin �, where � is the latitude) (s-1) 

 
For neutral and unstable conditions, the mixing layer depth is estimated using 
 

f
Luk  = H *  
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where H = mixing layer depth (m) 
� = constant (dimensionless) 
u* = friction velocity (m/s) 
f = Coriolis parameter 

 
Zilitinkevich (1972) assumes that � is equal to k; Pasquill and Smith (1983) suggest � has a 
value in the range of 0.2 to 0.3; and Panfosky and Dutton (1984) suggest its range is 0.15 to 
0.25.  In HRLYPROC, � is assumed to be 0.2. 
 
Using either formula, the mixing layer depth is not allowed to exceed 2,000 meters or fall 
under 10 meters. 
 
A.2.5 Temperature 
 
For the CD-144 data, hourly ambient temperature data are converted from the NWS 
reporting units of degrees Fahrenheit to Kelvin.  For the SAMSON data, the reporting units 
are degrees Celsius and are converted to Kelvin. 
 
A.2.6 Precipitation 
 
Both the CD-144 and the SAMSON data include codes for the current weather at the 
meteorological station.  These codes are based on the type of precipitation (e.g., rain, snow, 
hail) and the intensity of the precipitation (e.g., light, moderate, or heavy).  These codes are 
used to determine a precipitation code and rate that are output by HRLYPROC.   
 
In the output, the weather code is convert to a precipitation code which ranges from 0 to 6.  
A zero is used when there is no precipitation.  Precipitation codes 1, 2, and 3 indicate light, 
moderate, and heavy liquid precipitation, respectively.  Liquid precipitation includes rain, 
drizzle, freezing rain, and freezing drizzle.  All drizzle intensities are coded as 1.  Codes 4, 5, 
6 indicate light, moderate, and heavy frozen precipitation, respectively.  Frozen precipitation 
include snow, snow grains, snow pellets, ice pellets, ice crystals, and hail.  If a mixture of 
liquid and frozen precipitation is occurring (e.g., rain and snow reported at the same time), 
liquid precipitation is assumed unless the intensity of the frozen precipitation is greater than 
the liquid precipitation.  For example, if both moderate rain and moderate snow where 
reported for the hour, the precipitation code would be 2.  If moderate rain and heavy snow 
were reported for the hour, the precipitation code would be 6. 
 
For the CD-144 data, the precipitation rate is either the value obtain from the TD-3240 date 
(if available) or a default value.  For the SAMSON data, the precipitation rate may be either 
the precipitation rate found in the SAMSON data, the rate obtained from the TD-3240 data 
if available and no rate given by the SAMSON data, or a default value.  The default value is 
based on the precipitation code.  Table A.4 shows the default precipitation rate as a function 
of the precipitation code.  All precipitation rates (whether from SAMSON, TD-3240 or 
default) are outputted in units of mm/hr. 

f
u = H *�  
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Table A.4. Default Precipitation Rates Based on Precipitation Code 
 
 
Precipitation Code 

 
Precipitation Rate (mm/hr) 

 
1 

 
1 

 
2 

 
5 

 
3 

 
10 

 
4 

 
0.25 

 
5 

 
1.25 

 
6 

 
2.5 

 
A.3 Meteorological Processing for JJFDPROC 

 
This section described the methods used to processing the joint frequency distribution (JFD) 
of wind speed, wind direction, and atmospheric stability.  The issues covered include data 
manipulation (converting units), how mixing heights are calculated, and how to account for 
variations in temperature and precipitation. 
 
A.3.1 Date and Time 
 
A JFD does not contain any information about the date and time associated with 
meteorological variables that are summarized.  Thus, the output from the JJFDPROC 
program does not include any date and time information.  The year, month, day, and hour 
for the output record from the JJFDPROC program are set to -1.  This allows the program 
using the output of the JJFDPROC program to know that the data was created from a JFD. 
 
A.3.2 Atmospheric Stability 
 
Atmospheric stability comes obtained the JFD read in by the JJFDPROC program.  Thus, 
no data manipulation is required to estimate the atmospheric stability. 
 
A.3.3 Surface Winds 
 
The wind direction and wind speed are obtained from the JFD read in by the JJFDPROC 
program.  The user provides the midpoints of the wind speed classes, whether the wind 
directions are given in 16 or 36 sectors, the height of the wind measurement, and the surface 
roughness at the measurement site and the application site.     
 
Most JFD are calculated using 16 sectors.  The 22.5� sectors are used because wind 
directions were record using these sectors (i.e., North, North-Northeast, ...North-
Northwest).  However, since 1965 directions have been recorded in tens of degrees.  Thus, it 
is possible to produce a JFD that uses 36 sectors, where the sectors would be centered 
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around the multiples of 10 degrees (e.g., 10, 20, 30).  Whether the 16 or 36 sectors are used, 
the flow vector (where the wind is blow towards) is based on the direction associated with 
the center of the sector (e.g., 0, 22.5, 45, ... degrees for the 16 sectors, and 0, 10, 20, 30, ... 
degrees for the 36 sectors). 
 
The wind speed midpoints are used as the wind speed.  Similar to the hourly data, the wind 
speed can be corrected when the surface roughness at the measurement site is different from 
the application site (see Section A.2.3).  The wind speed midpoints input by the user are 
converted to m/s, if they are not already in these units. 
 
A.3.4 Mixing Height 
 
Mixing height is calculated in the same way as for the hourly meteorological data.  Section 
A.2.4 describes how the mixing height is calculated. 
 
A.3.5 Temperature 
 
The ambient temperature is a variable not found in the JFD.  To provide temperature 
information, which may be used by the atmospheric models for plume rise and deposition 
calculation, the user must supply the temperature information.  For the JJFDPROC 
program, the user inputs maximum and minimum temperatures for each month.  The 
maximum and minimum temperature are available in Local Climatological Data summaries 
available from the National Climatic Data Center. 
 
The variation in temperature is added to the output by dividing the frequency of a given 
wind speed class, wind direction sector, and atmospheric stability class by 12 (for the 12 
months) and using the maximum temperature if the stability class is 1 or 2 (extremely 
unstable or very unstable), the minimum temperature if the stability class is 6 or 7 (very 
stable or extremely stable), and the average, (max + min)/2, for the other stability classes.  
This method is based on the assumption that unstable condition occur during the middle of 
the day when maximum temperature occur and stable condition occur during the night when 
minimum temperatures occur.  This method does not take into account that frequency of 
stability classes by month.  That is, normally, neutral and stable condition occur more often 
in winter months than during summer months.   
 
A.3.6 Precipitation 
 
Precipitation (type and rate) variables are not found in the JFD and must be provided by the 
user.  The user has an option to include precipitation or not.  If the user wants to include 
precipitation, the user must provide the fraction of time precipitation occurs for the various 
stability classes.  As the precipitation rarely occurs during the extremes of stability, stability 
class 1 and 2 (extremely unstable and very unstable) are combined into a single class and 
stability class 6 and 7 (very stable and extremely stable) are combined into another class.  In 
addition, heavy rain does not occur very often, so the moderate and heavy categories of 
precipitation (rain or snow) are also combined into a single class.  Appendix C presents the 
fractions of time of the various precipitation type based on stability class for a number of 
stations.  For a station not on the list, the precipitation can be estimated by choosing a 
representative station (which may not be the nearest station) from the list in Appendix C. 



 15

 
The precipitation is added to the records by dividing the frequency of a given wind speed 
class, wind direction sector and stability class into a percent of time with a precipitation type 
including no precipitation.  The percent of time with a given precipitation type is based on 
the fractions provided by the user, and are applied after the frequencies have been modified 
to account for temperature (see Section A.3.5).  Because the moderate and heavy intensity 
have been converted to a single category, the precipitation that occurs is always assumed to 
be moderate.   
 
A.3.7 Weighting 
 
The weight that is found at the end of each output record is the number of hours for the 
given meteorological data (wind speed, wind direction, atmospheric stability class, etc).  It is 
calculated by multiplying the number of hours that represent the data in the JFD (usually 1 
year = 8760 hours) times the frequency of the wind speed class, wind direction sector, 
atmospheric stability, temperature, and (if selected) the precipitation type and rate.  If the 
resulting number of hours (weight factor) is too small, (less than 0.01 hours), the record is 
not written to the file.  This is to prevent records were the time of occurrence is essentially 
zero. 
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Appendix B 
 

Meteorological File Formats 
 
This appendix contains the file formats for the hourly meteorological data files that can be 
used as input and the format of the output file.  The input file formats are taken from the 
PCRAMMET User’s Guide (EPA 1995b). 
 
Surface Data Record - CD144 Format 
 
The CD-144 format is given in the following table.  Note: only the variables of interest are 
provided in the following table. 
 
 
Element 

 
Column(s) 

 
Surface Station Number 

 
1-5 

 
Year 

 
6-7 

 
Month 

 
8-9 

 
Day 

 
10-11 

 
Hour 

 
12-13 

 
Ceiling Height (hundreds of feet) 

 
14-16 

 
Present Weather 

 
25-29 

 
Wind Direction (tens of degrees) 

 
39-40 

 
Wind Speed (knots) 

 
41-42 

 
Dry Bulb Temperature 

 
47-49 

 
Opaque Cloud Cover 

 
79 

 
Exhibit 1 shows a sample file in the CD-144 format. 
 
Exhibit 1 Sample File in the CD-144 format. 
 
0392888010100---100020000000000034301101052903016014081449250                 1  
0392888010101---0000200000000000343011360529030140130880                      0  
0392888010102---0000200000000000349010020829050160140770                      0  
0392888010103---0000200000000000352008060829060150130740                      0  
0392888010104---0000200000000000353006060629060130110730                      0  
0392888010105---0000200000000000354006360329060120100770                      0  
0392888010106---0000200000000000358004060629070120100700                      0  
0392888010107---0000200000000000369004020729100120100700                      0  
0392888010108---0000200000000000380005360629130110090770                      0  
0392888010109---0000200000000000388004361029150130110670                      0  
0392888010110---1000200000000000393004320929170150120622                      0  
03928880101111205000200000000000402004030929200180140548                      6  
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0392888010112---0000200000000000398005000029190210160500 7120                 0  
0392888010113---1000200000000000395006300329180230180481                      0  
0392888010114---1000200000000000387006240629160230180481                      0  
0392888010115---100020000000000038400730072915024019048118250                 0  
0392888010116---1000200000000000381008240629140240190502                      0  
0392888010117---1000150000000000378010230429130240200552                      1  
0392888010118---100015000000000038301121072914020017068207120282502           1  
0392888010119---2000150000000000380010210529130190160682                      2  
0392888010120---2000150000000000385010220429140160140772                      2  
0392888010121---200015000000000038500923042914014012080228250                 2  
0392888010122---0000150000000000384010240329140150130810                      0  
0392888010123---0000150000000000387010240729150150130810                      0  
0392888010200---0000150000000000382010230529140140130840                      0  

 
 
Surface Data Record - SAMSON Format 
 
Information about the file obtained from PCRAMMET Users Guide (EPA 1995b) and 
summarized here. 
 
The first record in the file retrieved from the SAMSON CD-ROMs contains station data.  
The format for this record is 
 
Columns 

 
Element 

 
Definition 

 
001 

 
Indicator 

 
~ to indicate header record 

 
002-006 

 
WBAN number 

 
Station Number 

 
008-029 

 
City 

 
City where station is located 

 
031-032 

 
State 

 
State where station is located 

 
033-036 

 
Time Zone 

 
Number of hours by which 
local standard time lags or 
leads Universal Time 

 
039-044 
(039 
 040-041 
 043-044) 

 
Latitude 

 
Station Latitude 
 N or S = North or South 
 Degrees 
 Minutes 

 
047-053 
(047 
 048-050 
 052-053) 

 
Longitude 

 
Station Longitude 
 E or W = East or West 
 Degrees 
 Minutes 

 
056-059 

 
Elevation 

 
Elevation of Station in meters 
above sea level. 

 
 
 
The FORTRAN format of this record is: 
(1x, a5, 1x, a22, 1x, a2, 1x, i3, 2x, a1, i2, 1x, i2, 2x, a1, i3, 1x, i2, 2x, i4) 
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Each variable in the SAMSON data is represented by a position number.  This position 
number always corresponds to that variable, no matter how many or how few variables are 
retrieved.  The second record in the file retrieved from the SAMSON-CD contains the list 
of variables (by a position number) that appear in the data file.  There is no particular 
format; the variable number appears above the column of data it represents with at least one 
space (and usually many more) between the position numbers. 
 
The rest of the records contain the weather elements retrieved from the SAMSON CD-
ROMs.  The data are in free-format (i.e., there is at least one space between each element in 
the record).  The year, month, day, hour, and observation indicator always appear on each 
record.  These are followed by the variables retrieved by the user.  If all the variables were 
retrieved, they would appear in the following order: 
 
 
Position Number 

 
Description 

 
 

 
Year, month, day, hour (LST), observation indicator 

 
1 

 
Extraterrestrial horizontial radiation 

 
2 

 
Extraterrestrial direct normal radiation 

 
3 

 
Global horizontial radiation 

 
4 

 
Direct normal radiation 

 
5 

 
Diffuse horizontial radiation 

 
6 

 
Total cloud cover 

 
7 

 
Opaque cloud cover 

 
8 

 
Dry bulb temperature 

 
9 

 
Dew point temperature 

 
10 

 
Relative humidity 

 
11 

 
Station pressure 

 
12 

 
Wind direction 

 
13 

 
Wind speed 

 
14 

 
Visibility 

 
15 

 
Ceiling height 

 
16 

 
Present weather 

 
17 

 
Precipitable water 
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18 Broadband aerosol optical depth 
 
19 

 
Snow depth 

 
20 

 
Days since last snowfall 

 
21 

 
Hourly precipitation amount and flag 

 
The on-line help that accompanies the CD-ROMs contains a complete discussion of these 
variables, including the units, missing value indicators and any special considerations or 
comments. 
 
Exhibit 2 shows a sample file in the SAMSON format.  Note the SAMSON file does not 
contain all the possible variables, but the ones required by HRLYPROC. 
 
Exhibit 2 Sample File in the SAMSON format. 
 
~03928 WICHITA                KS  -6  N37 39  W097 25   408 
~YR MO DA HR I  6  7     8     9  10   11  12    13     14     15        16      21 
 88  1  1  1 0  0  0 -10.0 -11.7  88  983 360   2.6   32.2  77777 999999999      0 
 88  1  1  2 0  0  0  -8.9 -12.2  77  984  20   4.1   32.2  77777 999999999 
 88  1  1  3 0  0  0  -9.4 -13.3  74  984  60   4.1   32.2  77777 999999999 
 88  1  1  4 0  0  0 -10.6 -14.4  73  984  60   3.1   32.2  77777 999999999 
 88  1  1  5 0  0  0 -11.1 -14.4  77  984 360   1.5   32.2  77777 999999999 
 88  1  1  6 0  0  0 -11.1 -15.6  70  985  60   3.1   32.2  77777 999999999 
 88  1  1  7 0  0  0 -11.1 -15.6  70  986  20   3.6   32.2  77777 999999999 
 88  1  1  8 0  0  0 -11.7 -15.0  77  987 360   3.1   32.2  77777 999999999 
 88  1  1  9 0  0  0 -10.6 -15.6  67  987 360   5.2   32.2  77777 999999999 
 88  1  1 10 0  2  0  -9.4 -15.6  62  988 320   4.6   32.2  77777 999999999 
 88  1  1 11 0  8  6  -7.8 -15.6  54  989  30   4.6   32.2   3660 999999999 
 88  1  1 12 0  0  0  -6.1 -15.0  50  989   0    .0   32.2  77777 999999999 
 88  1  1 13 0  1  0  -5.0 -14.4  48  988 300   1.5   32.2  77777 999999999 
 88  1  1 14 0  1  0  -5.0 -14.4  48  988 240   3.1   32.2  77777 999999999 
 88  1  1 15 0  1  0  -4.4 -13.9  48  987 300   3.6   32.2  77777 999999999 
 88  1  1 16 0  2  0  -4.4 -13.3  50  987 240   3.1   32.2  77777 999999999 
 88  1  1 17 0  2  1  -4.4 -12.2  55  987 230   2.1   24.1  77777 999999999 
 88  1  1 18 0  2  1  -6.7 -11.7  68  987 210   3.6   24.1  77777 999999999 
 88  1  1 19 0  2  2  -7.2 -12.2  68  987 210   2.6   24.1  77777 999999999 
 88  1  1 20 0  2  2  -8.9 -12.2  77  987 220   2.1   24.1  77777 999999999 
 88  1  1 21 0  2  2 -10.0 -12.8  80  987 230   2.1   24.1  77777 999999999 
 88  1  1 22 0  0  0  -9.4 -12.2  81  987 240   1.5   24.1  77777 999999999 
 88  1  1 23 0  0  0  -9.4 -12.2  81  987 240   3.6   24.1  77777 999999999 
 88  1  1 24 0  0  0 -10.0 -12.2  84  987 230   2.6   24.1  77777 999999999 

  
 
 
Hourly Precipitation - TD-3240 Format 
 
Precipitation data are reported only for those hours during which precipitation occurred.  
Variable-length blocks contain a station’s precipitation record for one day on a physical 
record.  The format of the precipitation data for variable-length blocks is as follows. 
 
 
Field 

 
Column(s) 

 
Description 

 
001 

 
001-003 

 
Record Type 
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002 

 
004-011 

 
Station indentifier 

 
003 

 
012-015 

 
Meteorological element type 

 
004 

 
016-017 

 
Measurement units 

 
005 

 
018-021 

 
Year 

 
006 

 
022-023 

 
Month 

 
007 

 
024-027 

 
Day (right justified, zero filled) 

 
008 

 
028-030 

 
Number of data groups to follow 

 
009 

 
031-034 

 
Hour (left justified, zero filled) 

 
010 

 
035-040 

 
Value of meteorological element 

 
011 

 
041 

 
Measurement flag #1 

 
012 

 
042 

 
Quality flag #2 (not used, blank) 

 
Data groups in the same form as field 009 through 012 are repeated as many times as 
necessary to contain one day of values on one record.  These data would occupy fields 013 
through 108, the maximum number of fields. 
 
Fixed length block contain a stations’s precipitation record for one hour on a physical 
record.  The structure is indentical to the variable-length blocks, except that only one hour 
of data appearas on the record (i.e., fields 001 through 012 on one record).   
 
Output File 
 
The first record in the output file is the surface roughness length and measurement height 
for the site.  The two variables are read in free format, so they only need to be seperated by a 
space or a comma.  The rest of the records are as follows 
 
 
Column(s) 

 
Variable 

 
Description 

 
002-005 

 
Year 

 
Is a four digit year (or two digits if from CD-144) or -1 if 
from JJFDPROC 

 
007-008 

 
Month 

 
Is the month or -1 if from JJFDPROC 

 
010-011 

 
Day 

 
Is the day or -1 if from JJFDPROC 

 
013-014 

 
Hour 

 
Is the hour or -1 if from JJFDPROC 

 
016 

 
Stability Class 

 
Stability Class (if > 7 then missing) 

 
018-022 

 
Flow Vector The direction the wind is blowing towards (in degrees).  If 
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greater than 360, then missing. 
 
024-028 

 
Wind Speed 

 
Wind Speed in m/s.  If less than zero or greater than 90, 
then missing. 

 
030-035 

 
Temperature 

 
Dry bulb temperature in degrees K.  If less than zero or 
greater than 385, then missing. 

 
037-042 

 
Mixing Height 

 
Height of mixing layer in meters.  If less than zero or 
greater than 8000 than missing. 

 
044 

 
Precipitation Code 

 
Code for Precipitation (0 - none, 1, 2, 3 - light, moderate, 
and heavy rain, 4,5,6 - light, moderate, and heavy snow).  
If > 6, then missing. 

 
046-051 

 
Precipitation Rate 

 
Precipitation Rate in mm/hr.  Missing if less than zero. 

 
053-058 

 
Weight 

 
Weighting Factor (1 if from HRLYPROC) which is the 
number of hours with meteorological data as given in the 
record. 

 
The FORTRAN format of the record would be as follows: 
(1x,I4,1x,I2,1x,I2,1x,I2,1x,I1,1x,F5.0,1x,F5.1,1x,F6.2,1x,F6.0,1x,I1,1x,F6.2,1x,F6.0) 
 
Exhibt 3 shows a sample output file from HRLYPROC.  Exhibit 4 show a sample output 
file from JJFDPROC. 
 
Exhibit 3 Sample Output File from HRLYPROC 
 
   .200, 10.0                                              
   88  1  1  1 6  180.   2.6 263.15   151. 0    .00     1. 
   88  1  1  2 5  200.   4.1 264.26   367. 0    .00     1. 
   88  1  1  3 5  240.   4.1 263.70   367. 0    .00     1. 
   88  1  1  4 6  240.   3.1 262.59   165. 0    .00     1. 
   88  1  1  5 7  180.   1.5 262.04    45. 0    .00     1. 
   88  1  1  6 6  240.   3.1 262.04   165. 0    .00     1. 
   88  1  1  7 5  200.   3.6 262.04   343. 0    .00     1. 
   88  1  1  8 4  180.   3.1 261.48   709. 0    .00     1. 
   88  1  1  9 4  180.   5.1 262.59  1181. 0    .00     1. 
   88  1  1 10 3  140.   4.6 263.70  1204. 0    .00     1. 
   88  1  1 11 4  210.   4.6 265.37  1063. 0    .00     1. 
   88  1  1 12 2  210.   1.0 267.04   289. 0    .00     1. 
   88  1  1 13 2  120.   1.5 268.15   445. 0    .00     1. 
   88  1  1 14 3   60.   3.1 268.15   803. 0    .00     1. 
   88  1  1 15 3  120.   3.6 268.71   937. 0    .00     1. 
   88  1  1 16 4   60.   3.1 268.71   709. 0    .00     1. 
   88  1  1 17 4   50.   2.1 268.71   472. 0    .00     1. 
   88  1  1 18 5   30.   3.6 266.48   343. 0    .00     1. 
   88  1  1 19 6   30.   2.6 265.93   151. 0    .00     1. 
   88  1  1 20 6   40.   2.1 264.26   135. 0    .00     1. 
   88  1  1 21 6   50.   2.1 263.15   135. 0    .00     1. 
   88  1  1 22 7   60.   1.5 263.70    45. 0    .00     1. 
   88  1  1 23 5   60.   3.6 263.70   343. 0    .00     1. 
   88  1  1 24 6   50.   2.6 263.15   151. 0    .00     1. 
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Exhibit 4 Sample Output File from JJFDPROC 
 
 2.000, 10.0                                             
   -1 -1 -1 -1 1  180.   5.3 277.65  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 281.65  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 285.54  2000. 0    .00   2.62  
   -1 -1 -1 -1 1  180.   5.3 289.93  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 294.76  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 299.43  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 304.71  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 303.15  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 298.32  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 290.93  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 282.59  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  180.   5.3 279.26  2000. 0    .00   2.62 
   -1 -1 -1 -1 1  203.   5.3 277.65  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 281.65  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 285.54  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 289.93  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 294.76  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 299.43  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 304.71  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 303.15  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 298.32  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 290.93  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 282.59  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  203.   5.3 279.26  2000. 0    .00   1.46 
   -1 -1 -1 -1 1  225.   5.3 277.65  2000. 0    .00   1.68 
   -1 -1 -1 -1 1  225.   5.3 281.65  2000. 0    .00   1.68 
   -1 -1 -1 -1 1  225.   5.3 285.54  2000. 0    .00   1.68 
   -1 -1 -1 -1 1  225.   5.3 289.93  2000. 0    .00   1.68 
   -1 -1 -1 -1 1  225.   5.3 294.76  2000. 0    .00   1.68 
   -1 -1 -1 -1 1  225.   5.3 299.43  2000. 0    .00   1.68 
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 Appendix C 
 
 Precipitation Probabilities for Select United State Stations 
 
 

 
Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

 
Fairbanks International 
AP 

 
AK 

 
Light Rain 

 
3.91E-03 

 
8.62E-03 

 
9.68E-02 

 
1.15E-02 

 
2.53E-03 

 
4.55E-02 

 
Fairbanks International 
AP 

 
AK 

 
Mod/Hvy Rain 

 
0.00E+00 

 
9.07E-05 

 
7.08E-04 

 
0.00E+00 

 
0.00E+00 

 
3.20E-04 

 
Fairbanks International 
AP 

 
AK 

 
Light Snow 

 
1.30E-03 

 
1.40E-02 

 
2.13E-01 

 
3.31E-02 

 
2.55E-02 

 
1.05E-01 

 
Fairbanks International 
AP 

 
AK 

 
Mod/Hvy Snow 

 
0.00E+00 

 
4.81E-03 

 
9.70E-03 

 
5.68E-03 

 
3.87E-02 

 
1.57E-02 

 
Fairbanks International 
AP 

 
AK 

 
All 

 
5.21E-03 

 
2.75E-02 

 
3.20E-01 

 
5.03E-02 

 
6.68E-02 

 
1.67E-01 

 
Kodiak State CG Base 

 
AK 

 
Light Rain 

 
1.36E-03 

 
1.16E-02 

 
3.21E-01 

 
1.41E-02 

 
9.35E-03 

 
2.49E-01 

 
Kodiak State CG Base 

 
AK 

 
Mod/Hvy Rain 

 
0.00E+00 

 
2.47E-04 

 
2.13E-02 

 
0.00E+00 

 
0.00E+00 

 
1.64E-02 

 
Kodiak State CG Base 

 
AK 

 
Light Snow 

 
0.00E+00 

 
2.72E-03 

 
6.61E-02 

 
1.03E-02 

 
3.29E-03 

 
5.21E-02 

 
Kodiak State CG Base 

 
AK 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
1.08E-03 

 
0.00E+00 

 
0.00E+00 

 
8.33E-04 

 
Kodiak State CG Base 

 
AK 

 
All 

 
1.36E-03 

 
1.46E-02 

 
4.10E-01 

 
2.44E-02 

 
1.26E-02 

 
3.19E-01 

 
Mobile Bates Field AP 

 
AL 

 
Light Rain 

 
1.76E-02 

 
2.47E-02 

 
1.32E-01 

 
2.18E-02 

 
3.43E-03 

 
6.47E-02 

 
Mobile Bates Field AP 

 
AL 

 
Mod/Hvy Rain 

 
3.08E-04 

 
9.03E-04 

 
2.01E-02 

 
5.07E-04 

 
0.00E+00 

 
8.77E-03 

 
Mobile Bates Field AP 

 
AL 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
4.82E-04 

 
0.00E+00 

 
0.00E+00 

 
2.05E-04 

 
Mobile Bates Field AP 

 
AL 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
2.68E-05 

 
0.00E+00 

 
0.00E+00 

 
1.14E-05 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Mobile Bates Field AP AL All 1.79E-02 2.56E-02 1.52E-01 2.23E-02 3.43E-03 7.37E-02 
 
Fort Smith Municipal AP 

 
AR 

 
Light Rain 

 
7.84E-03 

 
1.35E-02 

 
1.37E-01 

 
1.93E-02 

 
3.57E-03 

 
6.24E-02 

 
Fort Smith Municipal AP 

 
AR 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.61E-02 

 
1.85E-04 

 
0.00E+00 

 
6.67E-03 

 
Fort Smith Municipal AP 

 
AR 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
1.06E-02 

 
1.85E-04 

 
0.00E+00 

 
4.40E-03 

 
Fort Smith Municipal AP 

 
AR 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
3.03E-04 

 
0.00E+00 

 
0.00E+00 

 
1.26E-04 

 
Fort Smith Municipal AP 

 
AR 

 
All 

 
7.84E-03 

 
1.35E-02 

 
1.64E-01 

 
1.96E-02 

 
3.57E-03 

 
7.36E-02 

 
Little Rock Adams Field 

 
AR 

 
Light Rain 

 
5.23E-03 

 
1.02E-02 

 
1.61E-01 

 
1.69E-02 

 
2.93E-03 

 
6.69E-02 

 
Little Rock Adams Field 

 
AR 

 
Mod/Hvy Rain 

 
0.00E+00 

 
3.54E-04 

 
1.61E-02 

 
6.39E-04 

 
4.24E-05 

 
6.38E-03 

 
Little Rock Adams Field 

 
AR 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
8.33E-03 

 
2.74E-04 

 
4.24E-05 

 
3.27E-03 

 
Little Rock Adams Field 

 
AR 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
4.12E-04 

 
0.00E+00 

 
0.00E+00 

 
1.60E-04 

 
Little Rock Adams Field 

 
AR 

 
All 

 
5.23E-03 

 
1.05E-02 

 
1.85E-01 

 
1.78E-02 

 
3.01E-03 

 
7.67E-02 

 
Tucson International AP 

 
AZ 

 
Light Rain 

 
1.21E-03 

 
6.41E-03 

 
7.88E-02 

 
6.23E-03 

 
1.62E-03 

 
2.83E-02 

 
Tucson International AP 

 
AZ 

 
Mod/Hvy Rain 

 
0.00E+00 

 
8.33E-05 

 
6.36E-03 

 
1.05E-04 

 
0.00E+00 

 
2.10E-03 

 
Tucson International AP 

 
AZ 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
1.58E-03 

 
0.00E+00 

 
0.00E+00 

 
5.14E-04 

 
Tucson International AP 

 
AZ 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
3.16E-04 

 
0.00E+00 

 
0.00E+00 

 
1.03E-04 

 
Tucson International AP 

 
AZ 

 
All 

 
1.21E-03 

 
6.50E-03 

 
8.71E-02 

 
6.34E-03 

 
1.62E-03 

 
3.10E-02 

 
Fresno Air Terminal 

 
CA 

 
Light Rain 

 
4.13E-04 

 
5.07E-03 

 
9.25E-02 

 
9.10E-03 

 
2.10E-03 

 
2.75E-02 

 
Fresno Air Terminal 

 
CA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
5.03E-03 

 
1.60E-04 

 
0.00E+00 

 
1.37E-03 

 
Fresno Air Terminal 

 
CA 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Fresno Air Terminal 

 
CA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Fresno Air Terminal CA All 4.13E-04 5.07E-03 9.75E-02 9.26E-03 2.10E-03 2.88E-02 
  
Los Angeles 
International AP 

 
CA 

 
Light Rain 

 
8.49E-04 

 
1.98E-03 

 
5.31E-02 

 
8.52E-03 

 
1.51E-03 

 
2.40E-02 

 
Los Angeles 
International AP 

 
CA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
4.10E-03 

 
8.19E-05 

 
0.00E+00 

 
1.72E-03 

 
Los Angeles 
International AP 

 
CA 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Los Angeles 
International AP 

 
CA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Los Angeles 
International AP 

 
CA 

 
All 

 
8.49E-04 

 
1.98E-03 

 
5.72E-02 

 
8.60E-03 

 
1.51E-03 

 
2.58E-02 

 
San Diego Miramar NAS 

 
CA 

 
Light Rain 

 
1.13E-03 

 
2.30E-03 

 
5.09E-02 

 
8.08E-03 

 
1.33E-03 

 
2.38E-02 

 
San Diego Miramar NAS 

 
CA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
5.65E-03 

 
0.00E+00 

 
0.00E+00 

 
2.45E-03 

 
San Diego Miramar NAS 

 
CA 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
San Diego Miramar NAS 

 
CA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
San Diego Miramar NAS 

 
CA 

 
All 

 
1.13E-03 

 
2.30E-03 

 
5.65E-02 

 
8.08E-03 

 
1.33E-03 

 
2.63E-02 

 
San Francisco 
International AP 

 
CA 

 
Light Rain 

 
2.15E-04 

 
2.90E-03 

 
8.49E-02 

 
8.85E-03 

 
3.08E-03 

 
4.99E-02 

 
San Francisco 
International AP 

 
CA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
6.46E-03 

 
1.75E-04 

 
8.10E-05 

 
3.69E-03 

 
San Francisco 
International AP 

 
CA 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
2.02E-05 

 
0.00E+00 

 
0.00E+00 

 
1.14E-05 

 
San Francisco 
International AP 

 
CA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

San Francisco 
International AP 

CA All 2.15E-04 2.90E-03 9.13E-02 9.02E-03 3.16E-03 5.36E-02 

 
Denver Stapleton 
International AP 

 
CO 

 
Light Rain 

 
1.91E-03 

 
9.34E-03 

 
7.78E-02 

 
7.98E-03 

 
1.64E-03 

 
3.22E-02 

 
Denver Stapleton 
International AP 

 
CO 

 
Mod/Hvy Rain 

 
0.00E+00 

 
8.42E-05 

 
3.33E-03 

 
0.00E+00 

 
0.00E+00 

 
1.26E-03 

 
Denver Stapleton 
International AP 

 
CO 

 
Light Snow 

 
1.12E-04 

 
1.35E-03 

 
1.11E-01 

 
6.05E-03 

 
2.46E-03 

 
4.32E-02 

 
Denver Stapleton 
International AP 

 
CO 

 
Mod/Hvy Snow 

 
2.24E-04 

 
8.42E-05 

 
9.38E-03 

 
1.24E-03 

 
1.38E-03 

 
4.05E-03 

 
Denver Stapleton 
International AP 

 
CO 

 
All 

 
2.24E-03 

 
1.09E-02 

 
2.01E-01 

 
1.53E-02 

 
5.47E-03 

 
8.07E-02 

 
Grand Junction Walker 
Field AP 

 
CO 

 
Light Rain 

 
2.57E-03 

 
6.12E-03 

 
7.32E-02 

 
5.42E-03 

 
1.16E-03 

 
2.95E-02 

 
Grand Junction Walker 
Field AP 

 
CO 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.25E-03 

 
0.00E+00 

 
0.00E+00 

 
4.60E-04 

 
Grand Junction Walker 
Field AP 

 
CO 

 
Light Snow 

 
1.17E-04 

 
7.06E-04 

 
4.68E-02 

 
1.22E-03 

 
1.61E-03 

 
1.79E-02 

 
Grand Junction Walker 
Field AP 

 
CO 

 
Mod/Hvy Snow 

 
0.00E+00 

 
1.57E-04 

 
1.81E-03 

 
1.11E-04 

 
6.45E-05 

 
7.24E-04 

 
Grand Junction Walker 
Field AP 

 
CO 

 
All 

 
2.69E-03 

 
6.98E-03 

 
1.23E-01 

 
6.75E-03 

 
2.84E-03 

 
4.86E-02 

 
Washington National AP 

 
DC 

 
Light Rain 

 
4.12E-03 

 
1.09E-02 

 
1.40E-01 

 
1.25E-02 

 
5.12E-03 

 
8.31E-02 

 
Washington National AP 

 
DC 

 
Mod/Hvy Rain 

 
0.00E+00 

 
3.15E-04 

 
1.44E-02 

 
1.47E-04 

 
9.30E-05 

 
8.20E-03 

 
Washington National AP 

 
DC 

 
Light Snow 

 
0.00E+00 

 
1.05E-04 

 
1.42E-02 

 
2.93E-04 

 
0.00E+00 

 
8.04E-03 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Washington National AP DC Mod/Hvy Snow 0.00E+00 0.00E+00 1.11E-03 0.00E+00 0.00E+00 6.28E-04 
 
Washington National AP 

 
DC 

 
All 

 
4.12E-03 

 
1.14E-02 

 
1.70E-01 

 
1.30E-02 

 
5.21E-03 

 
9.99E-02 

 
Miami International AP 

 
FL 

 
Light Rain 

 
2.84E-02 

 
2.76E-02 

 
7.10E-02 

 
1.68E-02 

 
7.76E-03 

 
4.04E-02 

 
Miami International AP 

 
FL 

 
Mod/Hvy Rain 

 
3.71E-03 

 
3.27E-03 

 
1.65E-02 

 
5.31E-04 

 
3.13E-04 

 
7.85E-03 

 
Miami International AP 

 
FL 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Miami International AP 

 
FL 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Miami International AP 

 
FL 

 
All 

 
3.21E-02 

 
3.09E-02 

 
8.75E-02 

 
1.74E-02 

 
8.07E-03 

 
4.82E-02 

 
Orlando International 
AP 

 
FL 

 
Light Rain 

 
6.61E-03 

 
1.85E-02 

 
1.05E-01 

 
1.87E-02 

 
3.22E-03 

 
4.77E-02 

 
Orlando International 
AP 

 
FL 

 
Mod/Hvy Rain 

 
0.00E+00 

 
7.77E-04 

 
1.46E-02 

 
3.01E-04 

 
0.00E+00 

 
5.82E-03 

 
Orlando International 
AP 

 
FL 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Orlando International 
AP 

 
FL 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Orlando International 
AP 

 
FL 

 
All 

 
6.61E-03 

 
1.93E-02 

 
1.19E-01 

 
1.90E-02 

 
3.22E-03 

 
5.35E-02 

 
Atlanta Hartsfield 
International AP 

 
GA 

 
Light Rain 

 
5.36E-02 

 
5.93E-02 

 
7.53E-02 

 
7.08E-02 

 
7.66E-02 

 
7.19E-02 

 
Atlanta Hartsfield 
International AP 

 
GA 

 
Mod/Hvy Rain 

 
1.01E-02 

 
1.01E-02 

 
8.42E-03 

 
8.57E-03 

 
8.66E-03 

 
8.77E-03 

 
Atlanta Hartsfield 
International AP 

 
GA 

 
Light Snow 

 
1.55E-03 

 
1.34E-03 

 
1.29E-03 

 
2.41E-03 

 
1.56E-03 

 
1.52E-03 

 
Atlanta Hartsfield 

 
GA 

 
Mod/Hvy Snow 

 
9.68E-04 

 
2.06E-04 

 
9.08E-05 

 
0.00E+00 

 
3.61E-04 

 
1.94E-04 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

International AP 
 
Atlanta Hartsfield 
International AP 

 
GA 

 
All 

 
6.62E-02 

 
7.09E-02 

 
8.51E-02 

 
8.18E-02 

 
8.71E-02 

 
8.24E-02 

 
Savannah Municipal AP 

 
GA 

 
Light Rain 

 
9.62E-03 

 
1.93E-02 

 
1.34E-01 

 
2.71E-02 

 
5.75E-03 

 
6.34E-02 

 
Savannah Municipal AP 

 
GA 

 
Mod/Hvy Rain 

 
2.75E-04 

 
5.52E-04 

 
1.63E-02 

 
3.79E-04 

 
4.92E-05 

 
6.83E-03 

 
Savannah Municipal AP 

 
GA 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
1.84E-03 

 
7.58E-05 

 
0.00E+00 

 
7.66E-04 

 
Savannah Municipal AP 

 
GA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Savannah Municipal AP 

 
GA 

 
All 

 
9.89E-03 

 
1.99E-02 

 
1.52E-01 

 
2.76E-02 

 
5.80E-03 

 
7.10E-02 

 
Honolulu International 
AP 

 
HI 

 
Light Rain 

 
2.70E-03 

 
9.74E-03 

 
1.01E-01 

 
2.86E-02 

 
9.05E-03 

 
5.83E-02 

 
Honolulu International 
AP 

 
HI 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
5.18E-03 

 
3.87E-04 

 
2.25E-04 

 
2.69E-03 

 
Honolulu International 
AP 

 
HI 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Honolulu International 
AP 

 
HI 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Honolulu International 
AP 

 
HI 

 
All 

 
2.70E-03 

 
9.74E-03 

 
1.06E-01 

 
2.90E-02 

 
9.28E-03 

 
6.10E-02 

 
Des Moines Municipal 
AP 

 
IA 

 
Light Rain 

 
1.11E-02 

 
1.82E-02 

 
1.18E-01 

 
1.62E-02 

 
2.87E-03 

 
7.14E-02 

 
Des Moines Municipal 
AP 

 
IA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
2.20E-04 

 
1.05E-02 

 
3.22E-04 

 
0.00E+00 

 
5.95E-03 

 
Des Moines Municipal 
AP 

 
IA 

 
Light Snow 

 
2.77E-04 

 
7.69E-04 

 
6.67E-02 

 
4.18E-03 

 
1.13E-03 

 
3.83E-02 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Des Moines Municipal 
AP 

IA Mod/Hvy Snow 0.00E+00 4.40E-04 1.93E-03 4.02E-04 2.26E-03 1.53E-03 

 
Des Moines Municipal 
AP 

 
IA 

 
All 

 
1.14E-02 

 
1.97E-02 

 
1.97E-01 

 
2.11E-02 

 
6.26E-03 

 
1.17E-01 

 
Boise Air Terminal 

 
ID 

 
Light Rain 

 
2.46E-03 

 
7.87E-03 

 
1.07E-01 

 
9.49E-03 

 
2.41E-03 

 
4.81E-02 

 
Boise Air Terminal 

 
ID 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
2.04E-03 

 
1.35E-04 

 
0.00E+00 

 
8.79E-04 

 
Boise Air Terminal 

 
ID 

 
Light Snow 

 
4.10E-04 

 
9.73E-04 

 
5.72E-02 

 
1.75E-03 

 
8.03E-04 

 
2.46E-02 

 
Boise Air Terminal 

 
ID 

 
Mod/Hvy Snow 

 
2.74E-04 

 
7.07E-04 

 
2.61E-03 

 
5.38E-04 

 
1.09E-03 

 
1.52E-03 

 
Boise Air Terminal 

 
ID 

 
All 

 
3.15E-03 

 
9.55E-03 

 
1.69E-01 

 
1.19E-02 

 
4.30E-03 

 
7.51E-02 

 
Chicago-O'Hare 
International AP 

 
IL 

 
Light Rain 

 
3.26E-03 

 
6.88E-03 

 
1.17E-01 

 
5.61E-03 

 
1.39E-03 

 
7.50E-02 

 
Chicago-O'Hare 
International AP 

 
IL 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
3.96E-03 

 
1.84E-04 

 
9.25E-05 

 
2.51E-03 

 
Chicago-O'Hare 
International AP 

 
IL 

 
Light Snow 

 
0.00E+00 

 
6.04E-04 

 
5.75E-02 

 
1.56E-03 

 
5.55E-04 

 
3.64E-02 

 
Chicago-O'Hare 
International AP 

 
IL 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
1.31E-03 

 
0.00E+00 

 
1.85E-04 

 
8.45E-04 

 
Chicago-O'Hare 
International AP 

 
IL 

 
All 

 
3.26E-03 

 
7.48E-03 

 
1.80E-01 

 
7.36E-03 

 
2.22E-03 

 
1.15E-01 

 
Peoria - Greater Peoria 
AP 

 
IL 

 
Light Rain 

 
9.48E-03 

 
1.54E-02 

 
1.24E-01 

 
1.25E-02 

 
2.63E-03 

 
7.19E-02 

 
Peoria - Greater Peoria 
AP 

 
IL 

 
Mod/Hvy Rain 

 
2.37E-04 

 
4.28E-04 

 
1.11E-02 

 
3.68E-04 

 
6.56E-05 

 
6.21E-03 

 
Peoria - Greater Peoria 
AP 

 
IL 

 
Light Snow 

 
0.00E+00 

 
2.14E-04 

 
5.08E-02 

 
1.47E-03 

 
1.97E-04 

 
2.81E-02 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

 
Peoria - Greater Peoria 
AP 

 
IL 

 
Mod/Hvy Snow 

 
0.00E+00 

 
1.07E-04 

 
1.81E-03 

 
2.76E-04 

 
0.00E+00 

 
1.04E-03 

 
Peoria - Greater Peoria 
AP 

 
IL 

 
All 

 
9.72E-03 

 
1.62E-02 

 
1.88E-01 

 
1.46E-02 

 
2.89E-03 

 
1.07E-01 

 
Evansville Dress 
Regional AP 

 
IN 

 
Light Rain 

 
6.46E-03 

 
1.33E-02 

 
1.68E-01 

 
1.97E-02 

 
3.75E-03 

 
8.09E-02 

 
Evansville Dress 
Regional AP 

 
IN 

 
Mod/Hvy Rain 

 
0.00E+00 

 
9.91E-05 

 
8.10E-03 

 
1.15E-04 

 
8.94E-05 

 
3.70E-03 

 
Evansville Dress 
Regional AP 

 
IN 

 
Light Snow 

 
1.43E-04 

 
1.98E-04 

 
3.90E-02 

 
9.22E-04 

 
2.23E-04 

 
1.78E-02 

 
Evansville Dress 
Regional AP 

 
IN 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
8.61E-04 

 
0.00E+00 

 
0.00E+00 

 
3.88E-04 

 
Evansville Dress 
Regional AP 

 
IN 

 
All 

 
6.60E-03 

 
1.36E-02 

 
2.16E-01 

 
2.07E-02 

 
4.07E-03 

 
1.03E-01 

 
Russell Municipal AP 

 
KS 

 
Light Rain 

 
3.67E-03 

 
4.20E-03 

 
7.13E-02 

 
2.79E-03 

 
1.57E-03 

 
4.57E-02 

 
Russell Municipal AP 

 
KS 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.27E-04 

 
3.56E-03 

 
1.39E-04 

 
0.00E+00 

 
2.26E-03 

 
Russell Municipal AP 

 
KS 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
2.88E-02 

 
4.87E-04 

 
3.94E-04 

 
1.81E-02 

 
Russell Municipal AP 

 
KS 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
1.26E-03 

 
0.00E+00 

 
0.00E+00 

 
7.87E-04 

 
Russell Municipal AP 

 
KS 

 
All 

 
3.67E-03 

 
4.33E-03 

 
1.05E-01 

 
3.41E-03 

 
1.97E-03 

 
6.69E-02 

 
Lake Charles Municipal 
AP 

 
LA 

 
Light Rain 

 
2.11E-02 

 
2.42E-02 

 
1.34E-01 

 
1.88E-02 

 
3.58E-03 

 
6.61E-02 

 
Lake Charles Municipal 
AP 

 
LA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.05E-03 

 
1.52E-02 

 
4.96E-04 

 
0.00E+00 

 
6.81E-03 

 
Lake Charles Municipal 
AP

 
LA 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
1.85E-04 

 
0.00E+00 

 
0.00E+00 

 
8.04E-05 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

AP 
 
Lake Charles Municipal 
AP 

 
LA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
5.27E-05 

 
0.00E+00 

 
0.00E+00 

 
2.30E-05 

 
Lake Charles Municipal 
AP 

 
LA 

 
All 

 
2.11E-02 

 
2.53E-02 

 
1.49E-01 

 
1.93E-02 

 
3.58E-03 

 
7.31E-02 

 
Boston Logan 
International AP 

 
MA 

 
Light Rain 

 
8.97E-03 

 
1.06E-02 

 
1.28E-01 

 
7.29E-03 

 
2.97E-03 

 
9.84E-02 

 
Boston Logan 
International AP 

 
MA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.49E-04 

 
8.25E-03 

 
0.00E+00 

 
0.00E+00 

 
6.21E-03 

 
Boston Logan 
International AP 

 
MA 

 
Light Snow 

 
0.00E+00 

 
1.49E-04 

 
3.43E-02 

 
7.77E-04 

 
0.00E+00 

 
2.59E-02 

 
Boston Logan 
International AP 

 
MA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
2.06E-03 

 
0.00E+00 

 
0.00E+00 

 
1.55E-03 

 
Boston Logan 
International AP 

 
MA 

 
All 

 
8.97E-03 

 
1.09E-02 

 
1.73E-01 

 
8.06E-03 

 
2.97E-03 

 
1.32E-01 

 
Bangor International AP 

 
ME 

 
Light Rain 

 
2.77E-03 

 
9.46E-03 

 
1.52E-01 

 
9.49E-03 

 
3.14E-03 

 
8.26E-02 

 
Bangor International AP 

 
ME 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.15E-04 

 
7.30E-03 

 
3.24E-04 

 
5.32E-05 

 
3.90E-03 

 
Bangor International AP 

 
ME 

 
Light Snow 

 
0.00E+00 

 
1.96E-03 

 
6.33E-02 

 
3.99E-03 

 
1.44E-03 

 
3.43E-02 

 
Bangor International AP 

 
ME 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
4.62E-03 

 
1.08E-04 

 
1.59E-04 

 
2.48E-03 

 
Bangor International AP 

 
ME 

 
All 

 
2.77E-03 

 
1.15E-02 

 
2.27E-01 

 
1.39E-02 

 
4.78E-03 

 
1.23E-01 

 
Detroit Metropolitan AP 

 
MI 

 
Light Rain 

 
5.16E-03 

 
1.22E-02 

 
1.18E-01 

 
9.58E-03 

 
1.38E-03 

 
7.82E-02 

 
Detroit Metropolitan AP 

 
MI 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.33E-04 

 
5.05E-03 

 
9.30E-05 

 
0.00E+00 

 
3.25E-03 

 
Detroit Metropolitan AP 

 
MI 

 
Light Snow 

 
0.00E+00 

 
9.29E-04 

 
7.13E-02 

 
1.49E-03 

 
1.97E-04 

 
4.59E-02 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Detroit Metropolitan AP MI Mod/Hvy Snow 0.00E+00 0.00E+00 1.48E-03 1.86E-04 0.00E+00 9.70E-04 
 
Detroit Metropolitan AP 

 
MI 

 
All 

 
5.16E-03 

 
1.33E-02 

 
1.96E-01 

 
1.14E-02 

 
1.58E-03 

 
1.28E-01 

 
Sault Ste Marie Wx 
Station Office 

 
MI 

 
Light Rain 

 
4.49E-03 

 
7.87E-03 

 
1.28E-01 

 
6.86E-03 

 
2.61E-03 

 
7.71E-02 

 
Sault Ste Marie Wx 
Station Office 

 
MI 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.29E-04 

 
3.81E-03 

 
0.00E+00 

 
0.00E+00 

 
2.25E-03 

 
Sault Ste Marie Wx 
Station Office 

 
MI 

 
Light Snow 

 
3.37E-03 

 
1.12E-02 

 
1.80E-01 

 
2.62E-02 

 
1.10E-02 

 
1.12E-01 

 
Sault Ste Marie Wx 
Station Office 

 
MI 

 
Mod/Hvy Snow 

 
0.00E+00 

 
5.16E-04 

 
6.67E-03 

 
1.06E-04 

 
4.80E-04 

 
4.05E-03 

 
Sault Ste Marie Wx 
Station Office 

 
MI 

 
All 

 
7.87E-03 

 
1.98E-02 

 
3.19E-01 

 
3.31E-02 

 
1.41E-02 

 
1.95E-01 

 
International Falls AP 

 
MN 

 
Light Rain 

 
7.50E-03 

 
1.30E-02 

 
9.91E-02 

 
1.24E-02 

 
2.11E-03 

 
5.97E-02 

 
International Falls AP 

 
MN 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.23E-04 

 
1.83E-03 

 
1.93E-04 

 
0.00E+00 

 
1.07E-03 

 
International Falls AP 

 
MN 

 
Light Snow 

 
0.00E+00 

 
3.57E-03 

 
1.77E-01 

 
1.87E-02 

 
3.84E-03 

 
1.04E-01 

 
International Falls AP 

 
MN 

 
Mod/Hvy Snow 

 
3.44E-03 

 
4.80E-03 

 
7.50E-03 

 
1.76E-02 

 
1.46E-02 

 
9.61E-03 

 
International Falls AP 

 
MN 

 
All 

 
1.09E-02 

 
2.15E-02 

 
2.85E-01 

 
4.88E-02 

 
2.06E-02 

 
1.74E-01 

 
Minneapolis-St.Paul 
International AP 

 
MN 

 
Light Rain 

 
7.98E-03 

 
1.35E-02 

 
8.78E-02 

 
8.86E-03 

 
2.44E-03 

 
5.74E-02 

 
Minneapolis-St.Paul 
International AP 

 
MN 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
5.11E-03 

 
1.81E-04 

 
0.00E+00 

 
3.20E-03 

 
Minneapolis-St.Paul 
International AP 

 
MN 

 
Light Snow 

 
6.94E-04 

 
2.04E-03 

 
8.21E-02 

 
6.14E-03 

 
2.27E-03 

 
5.23E-02 

 
Minneapolis-St.Paul 

 
MN 

 
Mod/Hvy Snow 

 
0.00E+00 

 
4.09E-04 

 
2.63E-03 

 
1.90E-03 

 
2.94E-03 

 
2.31E-03 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

International AP 
 
Minneapolis-St.Paul 
International AP 

 
MN 

 
All 

 
8.67E-03 

 
1.59E-02 

 
1.78E-01 

 
1.71E-02 

 
7.66E-03 

 
1.15E-01 

 
Kansas City 
International AP 

 
MO 

 
Light Rain 

 
5.90E-03 

 
1.02E-02 

 
1.03E-01 

 
8.17E-03 

 
2.85E-03 

 
6.26E-02 

 
Kansas City 
International AP 

 
MO 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
4.25E-03 

 
1.51E-04 

 
0.00E+00 

 
2.49E-03 

 
Kansas City 
International AP 

 
MO 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
2.79E-02 

 
3.03E-04 

 
8.90E-05 

 
1.62E-02 

 
Kansas City 
International AP 

 
MO 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
9.05E-04 

 
7.56E-05 

 
4.45E-04 

 
5.93E-04 

 
Kansas City 
International AP 

 
MO 

 
All 

 
5.90E-03 

 
1.02E-02 

 
1.36E-01 

 
8.70E-03 

 
3.38E-03 

 
8.19E-02 

 
Meridian Naval Air 
Station 

 
MS 

 
Light Rain 

 
5.93E-03 

 
1.81E-02 

 
1.91E-01 

 
3.69E-02 

 
8.41E-03 

 
6.37E-02 

 
Meridian Naval Air 
Station 

 
MS 

 
Mod/Hvy Rain 

 
1.14E-03 

 
4.09E-03 

 
4.86E-02 

 
5.61E-03 

 
8.84E-04 

 
1.55E-02 

 
Meridian Naval Air 
Station 

 
MS 

 
Light Snow 

 
0.00E+00 

 
2.10E-04 

 
3.22E-03 

 
4.01E-04 

 
0.00E+00 

 
9.86E-04 

 
Meridian Naval Air 
Station 

 
MS 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
5.79E-04 

 
0.00E+00 

 
0.00E+00 

 
1.70E-04 

 
Meridian Naval Air 
Station 

 
MS 

 
All 

 
7.07E-03 

 
2.24E-02 

 
2.43E-01 

 
4.29E-02 

 
9.30E-03 

 
8.03E-02 

 
Billings Logan 
International AP 

 
MT 

 
Light Rain 

 
2.22E-03 

 
4.55E-03 

 
5.92E-02 

 
5.18E-03 

 
9.00E-04 

 
3.77E-02 

 
Billings Logan 

 
MT 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.43E-03 

 
0.00E+00 

 
0.00E+00 

 
8.79E-04 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

International AP 
 
Billings Logan 
International AP 

 
MT 

 
Light Snow 

 
0.00E+00 

 
2.16E-03 

 
8.44E-02 

 
5.99E-03 

 
3.60E-03 

 
5.31E-02 

 
Billings Logan 
International AP 

 
MT 

 
Mod/Hvy Snow 

 
6.06E-04 

 
5.69E-04 

 
2.34E-03 

 
1.62E-03 

 
1.41E-03 

 
1.88E-03 

 
Billings Logan 
International AP 

 
MT 

 
All 

 
2.83E-03 

 
7.28E-03 

 
1.47E-01 

 
1.28E-02 

 
5.91E-03 

 
9.36E-02 

 
Missoula Johnson-Bell 
Field 

 
MT 

 
Light Rain 

 
1.78E-03 

 
1.02E-02 

 
1.05E-01 

 
1.03E-02 

 
1.40E-03 

 
5.28E-02 

 
Missoula Johnson-Bell 
Field 

 
MT 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.86E-03 

 
0.00E+00 

 
0.00E+00 

 
8.90E-04 

 
Missoula Johnson-Bell 
Field 

 
MT 

 
Light Snow 

 
5.56E-04 

 
4.64E-03 

 
9.16E-02 

 
5.52E-03 

 
3.09E-03 

 
4.55E-02 

 
Missoula Johnson-Bell 
Field 

 
MT 

 
Mod/Hvy Snow 

 
0.00E+00 

 
5.01E-04 

 
9.31E-04 

 
3.45E-04 

 
9.47E-04 

 
7.42E-04 

 
Missoula Johnson-Bell 
Field 

 
MT 

 
All 

 
2.33E-03 

 
1.53E-02 

 
2.00E-01 

 
1.62E-02 

 
5.43E-03 

 
1.00E-01 

 
Asheville Regional AP 

 
NC 

 
Light Rain 

 
7.83E-03 

 
1.44E-02 

 
1.75E-01 

 
1.88E-02 

 
5.20E-03 

 
9.12E-02 

 
Asheville Regional AP 

 
NC 

 
Mod/Hvy Rain 

 
1.37E-04 

 
2.23E-04 

 
1.11E-02 

 
0.00E+00 

 
0.00E+00 

 
5.50E-03 

 
Asheville Regional AP 

 
NC 

 
Light Snow 

 
0.00E+00 

 
1.12E-04 

 
1.99E-02 

 
7.45E-04 

 
1.06E-04 

 
9.89E-03 

 
Asheville Regional AP 

 
NC 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
9.73E-04 

 
0.00E+00 

 
0.00E+00 

 
4.79E-04 

 
Asheville Regional AP 

 
NC 

 
All 

 
7.96E-03 

 
1.47E-02 

 
2.06E-01 

 
1.96E-02 

 
5.31E-03 

 
1.07E-01 

 
Raleigh-Durham AP 

 
NC 

 
Light Rain 

 
5.27E-03 

 
9.12E-03 

 
1.76E-01 

 
1.78E-02 

 
3.99E-03 

 
8.16E-02 

 
Raleigh-Durham AP 

 
NC 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.74E-02 

 
1.56E-04 

 
5.12E-05 

 
7.60E-03 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

 
Raleigh-Durham AP 

 
NC 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
6.08E-03 

 
0.00E+00 

 
0.00E+00 

 
2.65E-03 

 
Raleigh-Durham AP 

 
NC 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
6.81E-04 

 
0.00E+00 

 
0.00E+00 

 
2.97E-04 

 
Raleigh-Durham AP 

 
NC 

 
All 

 
5.27E-03 

 
9.12E-03 

 
2.00E-01 

 
1.80E-02 

 
4.04E-03 

 
9.22E-02 

 
Bismark Municipal AP 

 
ND 

 
Light Rain 

 
6.37E-03 

 
1.55E-02 

 
7.00E-02 

 
1.17E-02 

 
2.21E-03 

 
4.20E-02 

 
Bismark Municipal AP 

 
ND 

 
Mod/Hvy Rain 

 
0.00E+00 

 
4.86E-04 

 
4.18E-03 

 
0.00E+00 

 
1.20E-04 

 
2.36E-03 

 
Bismark Municipal AP 

 
ND 

 
Light Snow 

 
5.10E-04 

 
3.16E-03 

 
1.22E-01 

 
9.11E-03 

 
2.75E-03 

 
6.86E-02 

 
Bismark Municipal AP 

 
ND 

 
Mod/Hvy Snow 

 
1.02E-02 

 
1.11E-02 

 
1.65E-02 

 
1.67E-02 

 
2.12E-02 

 
1.66E-02 

 
Bismark Municipal AP 

 
ND 

 
All 

 
1.71E-02 

 
3.02E-02 

 
2.12E-01 

 
3.76E-02 

 
2.62E-02 

 
1.30E-01 

 
North Platte Lee Bird 
Field AP 

 
NE 

 
Light Rain 

 
2.58E-03 

 
5.25E-03 

 
7.76E-02 

 
7.09E-03 

 
1.43E-03 

 
4.23E-02 

 
North Platte Lee Bird 
Field AP 

 
NE 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.12E-04 

 
5.11E-03 

 
8.35E-05 

 
0.00E+00 

 
2.68E-03 

 
North Platte Lee Bird 
Field AP 

 
NE 

 
Light Snow 

 
2.35E-04 

 
7.82E-04 

 
7.05E-02 

 
3.25E-03 

 
8.94E-04 

 
3.75E-02 

 
North Platte Lee Bird 
Field AP 

 
NE 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
3.22E-03 

 
0.00E+00 

 
5.96E-05 

 
1.69E-03 

 
North Platte Lee Bird 
Field AP 

 
NE 

 
All 

 
2.82E-03 

 
6.14E-03 

 
1.56E-01 

 
1.04E-02 

 
2.38E-03 

 
8.41E-02 

 
Albuquerque 
International AP 

 
NM 

 
Light Rain 

 
1.77E-03 

 
5.51E-03 

 
7.46E-02 

 
9.66E-03 

 
8.61E-04 

 
2.82E-02 

 
Albuquerque 
International AP 

 
NM 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.75E-04 

 
3.48E-03 

 
4.20E-04 

 
0.00E+00 

 
1.28E-03 

 
Albuquerque 
International AP 

 
NM 

 
Light Snow 

 
0.00E+00 

 
6.12E-04 

 
2.53E-02 

 
2.80E-04 

 
5.06E-05 

 
8.76E-03 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

 
Albuquerque 
International AP 

 
NM 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
7.43E-04 

 
0.00E+00 

 
0.00E+00 

 
2.53E-04 

 
Albuquerque 
International AP 

 
NM 

 
All 

 
1.77E-03 

 
6.29E-03 

 
1.04E-01 

 
1.04E-02 

 
9.11E-04 

 
3.84E-02 

 
Las Vegas McCarran 
International AP 

 
NV 

 
Light Rain 

 
9.81E-04 

 
3.91E-03 

 
4.30E-02 

 
3.28E-03 

 
9.43E-04 

 
1.74E-02 

 
Las Vegas McCarran 
International AP 

 
NV 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.24E-03 

 
5.65E-05 

 
0.00E+00 

 
4.68E-04 

 
Las Vegas McCarran 
International AP 

 
NV 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
6.18E-04 

 
0.00E+00 

 
0.00E+00 

 
2.28E-04 

 
Las Vegas McCarran 
International AP 

 
NV 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Las Vegas McCarran 
International AP 

 
NV 

 
All 

 
9.81E-04 

 
3.91E-03 

 
4.49E-02 

 
3.33E-03 

 
9.43E-04 

 
1.81E-02 

 
Reno Cannon 
International AP 

 
NV 

 
Light Rain 

 
1.39E-03 

 
6.67E-03 

 
7.25E-02 

 
7.95E-03 

 
1.54E-03 

 
2.51E-02 

 
Reno Cannon 
International AP 

 
NV 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.99E-04 

 
2.22E-03 

 
9.58E-05 

 
0.00E+00 

 
7.30E-04 

 
Reno Cannon 
International AP 

 
NV 

 
Light Snow 

 
7.70E-05 

 
3.68E-03 

 
4.42E-02 

 
4.50E-03 

 
7.88E-04 

 
1.51E-02 

 
Reno Cannon 
International AP 

 
NV 

 
Mod/Hvy Snow 

 
7.70E-05 

 
3.98E-04 

 
3.64E-03 

 
1.92E-04 

 
1.13E-04 

 
1.26E-03 

 
Reno Cannon 
International AP 

 
NV 

 
All 

 
1.54E-03 

 
1.09E-02 

 
1.23E-01 

 
1.27E-02 

 
2.44E-03 

 
4.22E-02 

 
Binghamton Link Field 
AP 

 
NY 

 
Light Rain 

 
3.84E-03 

 
1.02E-02 

 
1.33E-01 

 
7.93E-03 

 
2.06E-03 

 
8.81E-02 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

 
Binghamton Link Field 
AP 

 
NY 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.36E-04 

 
8.48E-03 

 
0.00E+00 

 
0.00E+00 

 
5.50E-03 

 
Binghamton Link Field 
AP 

 
NY 

 
Light Snow 

 
0.00E+00 

 
1.90E-03 

 
1.43E-01 

 
1.39E-02 

 
5.96E-03 

 
9.53E-02 

 
Binghamton Link Field 
AP 

 
NY 

 
Mod/Hvy Snow 

 
0.00E+00 

 
4.07E-04 

 
2.66E-03 

 
1.67E-04 

 
2.29E-04 

 
1.80E-03 

 
Binghamton Link Field 
AP 

 
NY 

 
All 

 
3.84E-03 

 
1.26E-02 

 
2.87E-01 

 
2.20E-02 

 
8.25E-03 

 
1.91E-01 

 
Buffalo Greater 
International AP 

 
NY 

 
Light Rain 

 
6.79E-03 

 
1.32E-02 

 
1.46E-01 

 
1.76E-02 

 
2.79E-03 

 
1.01E-01 

 
Buffalo Greater 
International AP 

 
NY 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.40E-04 

 
9.20E-03 

 
1.97E-04 

 
0.00E+00 

 
6.16E-03 

 
Buffalo Greater 
International AP 

 
NY 

 
Light Snow 

 
1.02E-03 

 
6.46E-03 

 
1.40E-01 

 
1.39E-02 

 
7.14E-03 

 
9.60E-02 

 
Buffalo Greater 
International AP 

 
NY 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
3.73E-03 

 
7.89E-04 

 
7.80E-04 

 
2.66E-03 

 
Buffalo Greater 
International AP 

 
NY 

 
All 

 
7.81E-03 

 
1.98E-02 

 
2.99E-01 

 
3.25E-02 

 
1.07E-02 

 
2.06E-01 

 
New York JFK 
International AP 

 
NY 

 
Light Rain 

 
6.33E-03 

 
7.93E-03 

 
1.27E-01 

 
1.15E-02 

 
5.24E-03 

 
8.43E-02 

 
New York JFK 
International AP 

 
NY 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.09E-04 

 
9.63E-03 

 
0.00E+00 

 
1.25E-04 

 
6.19E-03 

 
New York JFK 
International AP 

 
NY 

 
Light Snow 

 
0.00E+00 

 
1.09E-04 

 
1.90E-02 

 
4.24E-04 

 
0.00E+00 

 
1.22E-02 

 
New York JFK 
International AP 

 
NY 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
7.85E-04 

 
0.00E+00 

 
0.00E+00 

 
5.02E-04 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

 
New York JFK 
International AP 

 
NY 

 
All 

 
6.33E-03 

 
8.14E-03 

 
1.56E-01 

 
1.19E-02 

 
5.36E-03 

 
1.03E-01 

 
Dayton Cox 
International AP 

 
OH 

 
Light Rain 

 
6.28E-03 

 
1.47E-02 

 
1.55E-01 

 
2.00E-02 

 
3.89E-03 

 
8.98E-02 

 
Dayton Cox 
International AP 

 
OH 

 
Mod/Hvy Rain 

 
0.00E+00 

 
2.37E-04 

 
1.04E-02 

 
3.43E-04 

 
1.39E-04 

 
5.77E-03 

 
Dayton Cox 
International AP 

 
OH 

 
Light Snow 

 
0.00E+00 

 
7.11E-04 

 
8.18E-02 

 
4.37E-03 

 
9.73E-04 

 
4.55E-02 

 
Dayton Cox 
International AP 

 
OH 

 
Mod/Hvy Snow 

 
1.90E-04 

 
0.00E+00 

 
1.57E-03 

 
6.85E-04 

 
6.95E-05 

 
9.70E-04 

 
Dayton Cox 
International AP 

 
OH 

 
All 

 
6.47E-03 

 
1.56E-02 

 
2.49E-01 

 
2.54E-02 

 
5.08E-03 

 
1.42E-01 

 
Medford Jackson 
County AP 

 
OR 

 
Light Rain 

 
2.51E-03 

 
1.77E-02 

 
2.06E-01 

 
3.45E-02 

 
6.63E-03 

 
7.71E-02 

 
Medford Jackson 
County AP 

 
OR 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
3.70E-03 

 
1.34E-04 

 
3.59E-05 

 
1.28E-03 

 
Medford Jackson 
County AP 

 
OR 

 
Light Snow 

 
7.60E-05 

 
2.13E-03 

 
1.49E-02 

 
2.41E-03 

 
1.11E-03 

 
5.85E-03 

 
Medford Jackson 
County AP 

 
OR 

 
Mod/Hvy Snow 

 
7.60E-05 

 
0.00E+00 

 
1.01E-04 

 
0.00E+00 

 
3.59E-05 

 
5.71E-05 

 
Medford Jackson 
County AP 

 
OR 

 
All 

 
2.66E-03 

 
1.98E-02 

 
2.24E-01 

 
3.70E-02 

 
7.82E-03 

 
8.43E-02 

 
Pendelton Municipal AP 

 
OR 

 
Light Rain 

 
2.11E-03 

 
9.31E-03 

 
1.21E-01 

 
1.31E-02 

 
3.74E-03 

 
5.54E-02 

 
Pendelton Municipal AP 

 
OR 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
3.48E-03 

 
0.00E+00 

 
0.00E+00 

 
1.49E-03 

 
Pendelton Municipal AP 

 
OR 

 
Light Snow 

 
0.00E+00 

 
7.68E-04 

 
4.57E-02 

 
9.09E-04 

 
5.06E-04 

 
1.98E-02 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Pendelton Municipal AP OR Mod/Hvy Snow 0.00E+00 9.60E-05 1.05E-03 4.54E-04 3.03E-04 5.83E-04 
 
Pendelton Municipal AP 

 
OR 

 
All 

 
2.11E-03 

 
1.02E-02 

 
1.71E-01 

 
1.44E-02 

 
4.55E-03 

 
7.72E-02 

 
Pittsburgh-Greater 
International AP 

 
PA 

 
Light Rain 

 
1.13E-03 

 
5.22E-03 

 
1.53E-01 

 
9.24E-03 

 
2.14E-03 

 
9.00E-02 

 
Pittsburgh-Greater 
International AP 

 
PA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.01E-02 

 
1.99E-04 

 
0.00E+00 

 
5.82E-03 

 
Pittsburgh-Greater 
International AP 

 
PA 

 
Light Snow 

 
6.77E-04 

 
1.43E-03 

 
1.10E-01 

 
6.26E-03 

 
1.13E-03 

 
6.43E-02 

 
Pittsburgh-Greater 
International AP 

 
PA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
1.30E-04 

 
2.75E-03 

 
5.96E-04 

 
0.00E+00 

 
1.67E-03 

 
Pittsburgh-Greater 
International AP 

 
PA 

 
All 

 
1.81E-03 

 
6.78E-03 

 
2.75E-01 

 
1.63E-02 

 
3.27E-03 

 
1.62E-01 

 
Rapid City Regional AP 

 
SD 

 
Light Rain 

 
4.01E-03 

 
7.74E-03 

 
7.46E-02 

 
4.81E-03 

 
5.55E-04 

 
4.25E-02 

 
Rapid City Regional AP 

 
SD 

 
Mod/Hvy Rain 

 
0.00E+00 

 
1.07E-04 

 
2.22E-03 

 
0.00E+00 

 
6.93E-05 

 
1.23E-03 

 
Rapid City Regional AP 

 
SD 

 
Light Snow 

 
0.00E+00 

 
2.15E-03 

 
1.06E-01 

 
3.97E-03 

 
2.29E-03 

 
5.88E-02 

 
Rapid City Regional AP 

 
SD 

 
Mod/Hvy Snow 

 
1.00E-03 

 
7.52E-04 

 
6.59E-03 

 
2.14E-03 

 
1.59E-03 

 
4.29E-03 

 
Rapid City Regional AP 

 
SD 

 
All 

 
5.01E-03 

 
1.07E-02 

 
1.89E-01 

 
1.09E-02 

 
4.51E-03 

 
1.07E-01 

 
Nashville Metropolitan 
AP 

 
TN 

 
Light Rain 

 
3.00E-03 

 
8.64E-03 

 
1.53E-01 

 
1.80E-02 

 
4.40E-03 

 
7.16E-02 

 
Nashville Metropolitan 
AP 

 
TN 

 
Mod/Hvy Rain 

 
2.73E-04 

 
1.88E-04 

 
1.36E-02 

 
5.95E-04 

 
5.50E-05 

 
6.06E-03 

 
Nashville Metropolitan 
AP 

 
TN 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
1.57E-02 

 
5.21E-04 

 
0.00E+00 

 
6.89E-03 

 
Nashville Metropolitan 

 
TN 

 
Mod/Hvy Snow 

 
1.36E-04 

 
0.00E+00 

 
6.84E-04 

 
0.00E+00 

 
0.00E+00 

 
3.08E-04 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

AP 
 
Nashville Metropolitan 
AP 

 
TN 

 
All 

 
3.41E-03 

 
8.83E-03 

 
1.83E-01 

 
1.91E-02 

 
4.45E-03 

 
8.48E-02 

 
Austin Mueller Municipal 
AP 

 
TX 

 
Light Rain 

 
8.28E-03 

 
1.01E-02 

 
1.23E-01 

 
1.43E-02 

 
3.53E-03 

 
6.37E-02 

 
Austin Mueller Muncipal 
AP 

 
TX 

 
Mod/Hvy Rain 

 
1.53E-04 

 
1.91E-04 

 
1.09E-02 

 
5.10E-04 

 
1.20E-04 

 
5.35E-03 

 
Austin Mueller Muncipal 
AP 

 
TX 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
2.09E-03 

 
0.00E+00 

 
0.00E+00 

 
1.00E-03 

 
Austin Mueller Muncipal 
AP 

 
TX 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
4.74E-05 

 
0.00E+00 

 
0.00E+00 

 
2.28E-05 

 
Austin Mueller Muncipal 
AP 

 
TX 

 
All 

 
8.44E-03 

 
1.03E-02 

 
1.36E-01 

 
1.48E-02 

 
3.65E-03 

 
7.00E-02 

 
Corpus Christi NAAS 

 
TX 

 
Light Rain 

 
1.37E-02 

 
1.27E-02 

 
8.16E-02 

 
7.33E-03 

 
6.20E-03 

 
5.15E-02 

 
Corpus Christi NAAS 

 
TX 

 
Mod/Hvy Rain 

 
1.05E-03 

 
1.10E-03 

 
1.14E-02 

 
5.79E-04 

 
3.00E-04 

 
6.96E-03 

 
Corpus Christi NAAS 

 
TX 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
1.92E-04 

 
0.00E+00 

 
0.00E+00 

 
1.12E-04 

 
Corpus Christi NAAS 

 
TX 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
0.00E+00 

 
Corpus Christi NAAS 

 
TX 

 
All 

 
1.47E-02 

 
1.38E-02 

 
9.32E-02 

 
7.91E-03 

 
6.50E-03 

 
5.86E-02 

 
Dallas Hensley Field 
NAS 

 
TX 

 
Light Rain 

 
1.25E-04 

 
8.11E-04 

 
4.54E-03 

 
1.05E-04 

 
0.00E+00 

 
2.08E-03 

 
Dallas Hensley Field 
NAS 

 
TX 

 
Mod/Hvy Rain 

 
7.50E-04 

 
1.16E-03 

 
1.68E-02 

 
1.05E-03 

 
3.19E-04 

 
7.66E-03 

 
Dallas Hensley Field 
NAS 

 
TX 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
4.94E-04 

 
0.00E+00 

 
0.00E+00 

 
2.14E-04 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Dallas Hensley Field 
NAS 

TX Mod/Hvy Snow 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

 
Dallas Hensley Field 
NAS 

 
TX 

 
All 

 
8.75E-04 

 
1.97E-03 

 
2.18E-02 

 
1.16E-03 

 
3.19E-04 

 
9.96E-03 

 
El Paso International AP 

 
TX 

 
Light Rain 

 
2.20E-03 

 
6.68E-03 

 
8.39E-02 

 
1.43E-02 

 
3.12E-03 

 
2.62E-02 

 
El Paso International AP 

 
TX 
 
 

 
Mod/Hvy Rain 

 
0.00E+00 

 
7.68E-05 

 
5.11E-03 

 
6.73E-05 

 
0.00E+00 

 
1.34E-03 

 
El Paso International AP 

 
TX 

 
Light Snow 

 
7.59E-05 

 
1.54E-04 

 
1.15E-02 

 
6.06E-04 

 
0.00E+00 

 
3.09E-03 

 
El Paso International AP 

 
TX 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
9.33E-04 

 
0.00E+00 

 
0.00E+00 

 
2.40E-04 

 
El Paso International AP 

 
TX 

 
All 

 
2.28E-03 

 
6.91E-03 

 
1.01E-01 

 
1.50E-02 

 
3.12E-03 

 
3.08E-02 

 
Lubbock International 
AP 

 
TX 

 
Light Rain 

 
4.86E-03 

 
3.72E-03 

 
6.29E-02 

 
3.72E-03 

 
7.55E-04 

 
3.92E-02 

 
Lubbock International 
AP 

 
TX 

 
Mod/Hvy Rain 

 
3.47E-04 

 
1.10E-04 

 
3.97E-03 

 
6.76E-05 

 
0.00E+00 

 
2.43E-03 

 
Lubbock International 
AP 

 
TX 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
1.36E-02 

 
6.76E-05 

 
0.00E+00 

 
8.21E-03 

 
Lubbock International 
AP 

 
TX 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
7.19E-04 

 
6.76E-05 

 
0.00E+00 

 
4.45E-04 

 
Lubbock International 
AP 

 
TX 

 
All 

 
5.21E-03 

 
3.83E-03 

 
8.12E-02 

 
3.92E-03 

 
7.55E-04 

 
5.03E-02 

 
Cedar City Municipal AP 

 
UT 

 
Light Rain 

 
1.80E-03 

 
5.31E-03 

 
6.34E-02 

 
4.14E-03 

 
1.61E-03 

 
2.43E-02 

 
Cedar City Municipal AP 

 
UT 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.30E-03 

 
0.00E+00 

 
0.00E+00 

 
4.60E-04 

 
Cedar City Municipal AP 

 
UT 

 
Light Snow 

 
4.00E-04 

 
2.82E-03 

 
7.83E-02 

 
3.35E-03 

 
2.08E-03 

 
2.91E-02 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Cedar City Municipal AP UT Mod/Hvy Snow 4.00E-04 1.08E-04 5.19E-03 3.52E-04 3.13E-04 2.04E-03 
 
Cedar City Municipal AP 

 
UT 

 
All 

 
2.60E-03 

 
8.24E-03 

 
1.48E-01 

 
7.84E-03 

 
3.99E-03 

 
5.59E-02 

 
Salt Lake City 
International AP 

 
UT 

 
Light Rain 

 
1.85E-03 

 
6.22E-03 

 
8.42E-02 

 
5.66E-03 

 
1.88E-03 

 
4.12E-02 

 
Salt Lake City 
International AP 

 
UT 

 
Mod/Hvy Rain 

 
1.85E-04 

 
2.59E-04 

 
5.28E-03 

 
6.36E-05 

 
0.00E+00 

 
2.50E-03 

 
Salt Lake City 
International AP 

 
UT 

 
Light Snow 

 
2.22E-03 

 
2.16E-03 

 
7.26E-02 

 
4.07E-03 

 
2.85E-03 

 
3.52E-02 

 
Salt Lake City 
International AP 

 
UT 

 
Mod/Hvy Snow 

 
0.00E+00 

 
2.59E-04 

 
5.99E-03 

 
1.27E-04 

 
4.17E-04 

 
2.90E-03 

 
Salt Lake City 
International AP 

 
UT 

 
All 

 
4.26E-03 

 
8.90E-03 

 
1.68E-01 

 
9.92E-03 

 
5.15E-03 

 
8.18E-02 

 
Norfolk Naval Air Station 

 
VA 

 
Light Rain 

 
3.08E-03 

 
1.13E-02 

 
1.46E-01 

 
1.24E-02 

 
5.73E-03 

 
8.07E-02 

 
Norfolk Naval Air Station 

 
VA 

 
Mod/Hvy Rain 

 
1.93E-04 

 
6.53E-04 

 
2.02E-02 

 
1.24E-03 

 
3.45E-04 

 
1.09E-02 

 
Norfolk Naval Air Station 

 
VA 

 
Light Snow 

 
1.93E-04 

 
0.00E+00 

 
7.33E-03 

 
3.09E-04 

 
6.91E-05 

 
3.92E-03 

 
Norfolk Naval Air Station 

 
VA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
1.38E-03 

 
0.00E+00 

 
0.00E+00 

 
7.25E-04 

 
Norfolk Naval Air Station 

 
VA 

 
All 

 
3.47E-03 

 
1.20E-02 

 
1.75E-01 

 
1.39E-02 

 
6.15E-03 

 
9.63E-02 

 
Burlington International 
AP 

 
VT 

 
Light Rain 

 
4.87E-03 

 
1.19E-02 

 
1.28E-01 

 
1.43E-02 

 
2.87E-03 

 
8.41E-02 

 
Burlington International 
AP 

 
VT 

 
Mod/Hvy Rain 

 
3.25E-04 

 
0.00E+00 

 
6.21E-03 

 
0.00E+00 

 
0.00E+00 

 
3.94E-03 

 
Burlington International 
AP 

 
VT 

 
Light Snow 

 
6.50E-04 

 
3.24E-03 

 
9.90E-02 

 
1.02E-02 

 
3.42E-03 

 
6.44E-02 

 
Burlington International 

 
VT 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
4.98E-03 

 
4.52E-04 

 
7.77E-04 

 
3.31E-03 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

AP 
 
Burlington International 
AP 

 
VT 

 
All 

 
5.85E-03 

 
1.51E-02 

 
2.38E-01 

 
2.50E-02 

 
7.07E-03 

 
1.56E-01 

 
Seattle-Tacoma 
International AP 

 
WA 

 
Light Rain 

 
4.93E-03 

 
1.03E-02 

 
2.14E-01 

 
1.13E-02 

 
4.37E-03 

 
1.32E-01 

 
Seattle-Tacoma 
International AP 

 
WA 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
4.47E-03 

 
0.00E+00 

 
0.00E+00 

 
2.68E-03 

 
Seattle-Tacoma 
International AP 

 
WA 

 
Light Snow 

 
0.00E+00 

 
0.00E+00 

 
7.17E-03 

 
2.47E-04 

 
0.00E+00 

 
4.34E-03 

 
Seattle-Tacoma 
International AP 

 
WA 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
3.99E-04 

 
0.00E+00 

 
0.00E+00 

 
2.40E-04 

 
Seattle-Tacoma 
International AP 

 
WA 

 
All 

 
4.93E-03 

 
1.03E-02 

 
2.26E-01 

 
1.16E-02 

 
4.37E-03 

 
1.39E-01 

 
Green Bay Austin 
Straubel Field 

 
WI 

 
Light Rain 

 
3.86E-03 

 
8.76E-03 

 
1.06E-01 

 
1.05E-02 

 
2.98E-03 

 
6.21E-02 

 
Green Bay Austin 
Straubel Field 

 
WI 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
2.73E-03 

 
0.00E+00 

 
0.00E+00 

 
1.52E-03 

 
Green Bay Austin 
Straubel Field 

 
WI 

 
Light Snow 

 
2.76E-04 

 
1.71E-03 

 
8.79E-02 

 
6.59E-03 

 
1.22E-03 

 
5.02E-02 

 
Green Bay Austin 
Straubel Field 

 
WI 

 
Mod/Hvy Snow 

 
0.00E+00 

 
2.28E-04 

 
2.71E-03 

 
0.00E+00 

 
0.00E+00 

 
1.53E-03 

 
Green Bay Austin 
Straubel Field 

 
WI 

 
All 

 
4.14E-03 

 
1.07E-02 

 
2.00E-01 

 
1.71E-02 

 
4.20E-03 

 
1.15E-01 

 
Huntington Tri-City AP 

 
WV 

 
Light Rain 

 
4.98E-03 

 
1.36E-02 

 
1.95E-01 

 
2.76E-02 

 
3.50E-03 

 
9.46E-02 

 
Huntington Tri-City AP 

 
WV 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
6.33E-03 

 
8.69E-05 

 
0.00E+00 

 
2.88E-03 
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Station Name 

 
State 

 
Precip Type 

 
Stab A-B 

 
Stab C 

 
Stab D 

 
Stab E 

 
Stab F-G 

 
All Stab 

Huntington Tri-City AP WV Light Snow 0.00E+00 1.34E-03 7.09E-02 3.74E-03 0.00E+00 3.27E-02 
 
Huntington Tri-City AP 

 
WV 

 
Mod/Hvy Snow 

 
0.00E+00 

 
0.00E+00 

 
3.39E-03 

 
0.00E+00 

 
5.07E-05 

 
1.55E-03 

 
Huntington Tri-City AP 

 
WV 

 
All 

 
4.98E-03 

 
1.49E-02 

 
2.76E-01 

 
3.15E-02 

 
3.55E-03 

 
1.32E-01 

 
Lander Hunt Field AP 

 
WY 

 
Light Rain 

 
2.14E-03 

 
4.53E-03 

 
7.72E-02 

 
2.24E-03 

 
4.07E-04 

 
2.54E-02 

 
Lander Hunt Field AP 

 
WY 

 
Mod/Hvy Rain 

 
0.00E+00 

 
0.00E+00 

 
1.76E-03 

 
6.80E-05 

 
0.00E+00 

 
5.61E-04 

 
Lander Hunt Field AP 

 
WY 

 
Light Snow 

 
7.41E-04 

 
3.29E-03 

 
1.40E-01 

 
5.30E-03 

 
2.90E-03 

 
4.58E-02 

 
Lander Hunt Field AP 

 
WY 

 
Mod/Hvy Snow 

 
3.29E-04 

 
3.55E-04 

 
8.97E-03 

 
2.72E-04 

 
3.62E-04 

 
3.02E-03 

 
Lander Hunt Field AP 

 
WY 

 
All 

 
3.21E-03 

 
8.17E-03 

 
2.28E-01 

 
7.89E-03 

 
3.67E-03 

 
7.48E-02 
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